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I 


Of  all  the  clcn.enls  of  the  physical  cnvirunmeiit  rainfall  is 
by  far  the  most  important  to  Biiima.  It  is  upon  the  ra’ii^  ol 
the  monsoon  season  that  the  farmers  of  the  countiy  depend 
for  the  production  of  the  all  important  rice.  In  the  Irui- 
waddy  Delta,  pictined  abox'c,  the  modest  lain  brought  by  the 
early  monsoon  soaks  the  fields  and  heralds  the  beginning  of 
the  agricultural  year. 


RAINFALL  IN  BURMA 


Of  all  the  elements  of  the  physical  environment  none  is  more  important  than 
rainfall.  In  a  country  such  as  Burma  where  75  percent  of  the  population  is  engaged 
m  farming  and  where  irrigation  is  but  little  developed,  life  itself  depends  upon  the 
God-given  rains.  During  half  the  year  the  land  lies  scorched  and  brown  under  the 
cloudless  sky.  Stubble  of  the  past  season's  rice  crop  shares  the  fields  with  tiny 
whirlwinds  of  dust  which  dance  unchallenged  across  the  horizon.  Here  and  there 
a  water  buffalo  plods  toward  a  tiny  mud  hole  seeking  relief  for  his  parched  and 
Cl  ackirg  hide.  As  far  as  the  eye  can  see  no  human  teing  stirs  —  for  this  is  the 
hot  season.  AAen,  plants  and  animals  are  alnrx:>st  in  a  state  of  suspended  animation 
—  awaiting  the  rains. 

In  AAay  when  the  first  rains  arrive,  life  quickens  and  once  again  has  a  meaning. 
Trees  break  out  in  glorious  flower,  wild  life  emerges  from  hiding  as  if  by  magic 
end  the  countryside  is  suddenly  alive..  Plows,  harrows,  mattocks  and  hoes  are 
wielded  with  a  vengeance  and  the  air  is  filW  with  song.  The  monsoon  rains 
have  come! 

The  wonder  of  the  monsoon  has  long  fascinated  man.  The  seasonal  reversal 
of  winds  has  been  known  in  Asia  since  antiquity  —  in  fact  the  name  monsoon  is 
derived  from  an  Arabic  word  mausim,  or  "season".  Early  traders  understood  the 
facts  of  the  monsoon  winds  and  took  advantage  of  the  reversal  to  sail  their  difficult 
to  handle  dhows  from  Southern  Arabia  to  East  Africa  and  back,  one  round  trip 
being  accomplished  each  year. 

The  same  winds  are  recognized  today  by  the  farmers  of  Burma  and  it  is 
around  the  resulting  alternation  of  wet  and  dry  periods  that  agriculture,  and  thus 
life  itself,  revolves.  The  facts  of  the  monsoon  reversal  may  ^  well-known,  but 
the  ultimate  causes  are  only  now  beginning  to  be  understood. 

A  usual  but  vastly  oversimplified  ard  perhaps  even  incorrect  explanation  of 
weather  and  climate  in  South  and  Southeast  Asia  depends  almost  entirely  upon 
the  concept  of  differential  heating  of  land  and  water.  According  to  this  theory  the 
broad  land  mass  at  the  latitude  of  the  Tropic  of  Cancer  becomes  overheated  in 
the  summer  months.  The  heated  air  rises  and  causes  a  general  surface  flow  of  air 
from  the  Indian  Ocean  in  a  northeasterly  direction  ont'  ‘he  land.  Air  is  cooled  by 
a  variety  of  mechanisms  including  orographic  uplift  or  squeeze,  frontal  action  and 
convectional  activity.  Cooling  of  these  moist  air  masses  brings  the  monsoon  rains. 

During  the  low  sun  period  excessive  cooling  of  the  land  mass  results  in  the 
development  of  a  high  pressure  center  and  the  resultant  flow  of  air  from  land  to 
sea  in  a  normal  trade  wind  pattern.  At  this  season  the  weather  is  clear  and  rainfall 
is  the  exception,  i- 

As  more  data  is  collected  and  more  research  is  done  climatologists  and 
meteorologists  are  more  and  more  receptive  to  the  idea  of  the  Jet  Streams  as  a 
major  control  of  the  monsoon  system  over  South  and  Southeast  Asia.  According  to 
this  theory  the  Subtropical  Jet  Stream  is  subject  to  violent  fluctuations  from  season 
to  season.  During  the  "winter"  this  high  altitude  air  stream  flows  at  a  location 
approximately  over  the  south  slope  of  the  main  Himalaya  Ranges.  These  rivers 
like  flows  of  air  move  at  speeds  of  100  to  300  MPH  and  at  elevations  of  18,000 
to  40,000  feet.  Coriolis  force  tends  to  "spin  off"  air  from  these  flows  and  to  pile  It 
up  to  the  right  hand  side  of  the  path  of  air  flow.  Thus  high  pressure  ridges, 
extending  all  the  way  to  the  surface,  develop  to  the  south  of  the  Jet  Stream.  This 
high  pressure  causes  a  surface  flow  from  land  to  water,  from  India-Pakistan-Burma 
toward  the  Indian  Ocean,  and  results  in  dry  weather. 

During  summer  months  the  Subtropical  Jet  Stream  moves  abruptly  to  the 
north  side  of  the  Tibetan  Plateau.  Flow  of  air  from  the  high  pressure  ridge  is 
blocked  by  the  massive  mountain  ranges.  A  surface  low  develops  at  the  heat 
equator  and  the  inter-tropical  front  moves  to  locations  over  India;  thus  the  surface 
flow  of  air  is  from  the  Arabian  Sea-Bay  of  Bengal  to  the  India-Parkistan-Burma  land 
mass,  a  reversal  of  "winter"  conditions.  These  "summer"  conditions  are  ideal  for 


producing  heavy  precipitation. 

No  matter  which  explanation  is  accepted  the  resultant  climatic  pattern  is 


similar.  Burma  lies  in  an  area  subject  to  a  rsinfall  pattern  well-known  to  almost 


1  For  an  example  '>f  this  explanation  used  in  a  major  text  tee:  George  B.  Crettey,  Atla't  Landt  and 
PaopUt,  McGraw  .M:ll  1963,  pp  24-?8 


everyone.  The  nronsoon  dimete  involves  five  or  six  months  of  very  heavy  rainfall 
followed  by  six  or  seven  months  of  very  dry  conditions.  This  rainfall  pattern  is 
the  subject  of  invesrigation  in  the  present  paper. 


During  the  wet  season  over  the  hilly  and  mountainous  eastern  uplands  70  per¬ 
cent  doud  cover,  such  as  is  pictured  here  over  Taunggyi,  is  the  rule.  Rainfall 
comes  in  a  series  of  showers,  some  light  and  some  heavy. 


UNDFORMS  AND  RAINFAU 

The  surface  features  of  Burnrta  bear  a  very  important  relationship  to  the  rain¬ 
fall  pattern.  In  certain  areas  the  main  alignment  of  ntountain  ranges  lies  directly 
athwart  the  (>ath  cf  the  prevailing  wir)d  arKi  thus  produces  considerable  adiabatic 
cooling  and  very  heavy  r^edpiwlon  on  the  windward  slopes  *mh  marked  rain 
shadow  effects  on  the  lee  slopes.  In  oihsr  areas  the  convergerKe  of  nrKxmtain 
chains  produces  an  orcgraphic  squeeze  effect  and  this  in  turn  induces  heavier  th.,n 
expect^  rainfall. 

The  surface  features  of  Surma  appear  to  be  relatively  simple  and  may  easily 
be  divided  into  four  north-south  belts  each  of  which  is  significant  to  an  urxfer- 
startding  of  the  rainfall  patterns.  This  simplicity  of  landtcrm  patterns  exists  despite 
an  extremely  complex  underlying  rock  structure  and  a  very  involved  geoi^ic 
history.  Sasicaliy  the  country  may  be  likened  to  the  shape  of  a  kite  with  mountain 
and  uplarfd  legions  comprisir^g  the  four  sides  of  the  diamond  and  the  long  tail. 
The  central  portion  of  Burma  consists  of  an  extensive  lowland  area  while  ntore 
limited  lowlands  are  nesried  between  the  mountains  arxi  the  Bay  of  Bengal 
and  the  .Andaman  Sea. 

A.  The  Shan  Upland 

The  Shan  uf>land  is  a  deeply  dissected  plateau  underlain  by  Archean,  Palaeo¬ 
zoic  and  tAssozoic  rocks.  The  area  h,  gaogfaphically,  the  oldest  portion  of  present 
day  Surma.  The  upland  averages  rexighiy  3600  feet  in  height  and  its  western  edge 
is  dearh/  marked  off  from  the  centra!  Icwlagd  by  a  well-defined  north-south  fault 
scarp  which  often  rises  2000  feet  in  a  single  step  and  which  acts  to  produce 


The  Shan  Upland  u  characterized  by  a  strong  north-south  orientation  of  ridges 
and  Talleys  as  shown  b\  this  vtm  a  few  miles  east  of  the  town  of  Taunggyi. 


orographic  cooling  oi  air  and  a  (narked  increase  of  rainfall.  This  escarpment 
boutids  the  eastern  side  of  the  Dry  Beh  in  cne  of  the  most  striking  and  most 
stable  climate  boundaries  in  the  country. 

Much  of  the  surface  of  the  Shan  Upland  is  of  a  steeply  rollii^  hilly  nature,  in 
many  respects  similar  to  the  surface  of  the  New  England  Upland,  in  many  places, 
but  most  commonly  in  the  rxxthem  and  eastern  portions  of  the  upiand,  the  surface 
is  rcxigh  and  rugg^  reaching  heights  of  6500  feet. 

Greet  blocks  of  massive  limesfor^,  sarvistone.  metamorphic  rocks  and  granites 
are  found  in  highly  folded  complexes  with  a  very  strorgg  north-south  tendency. 
This  pattern  gives  a  great  variety  of  landscapes  with  the  north-south  aligninent  of 
hills  and  valleys  the  chief  unifying  characteristic  As  the  careful  observer  moves 
from  place  to  place  in  the  Shan  Uplarid  he  is  struck  by  the  vegetation  and  land 
use  dHfererKes  between  the  rolling  upland  artd  the  more  sheltered  vailey  bottoms. 
In  part  this  change  may  be  due  to  temperature  differences  and  in  part  to  soil 
dif^ences.  Such  differences  do  no*  show  on  even  the  best  maps  of  the  area  for 
the  valleys  are  only  a  mile  or  two  wide  arKJ  the  rainfall  records  for  the  entire 
Sha.n  Upiand  are  based  on  only  12  rain  recording  gauges  of  which  four  are  full¬ 
time  reporting  weather  stations.  Clearly  such  scanty  data  are  insuffident  for 
detailed  artalysis. 

Even  though  the  upiand  is  topographically  oid  many  of  the  larger  rivt^, 
notably  the  Salween  and  the  Myitnge,  an  important  tributary  of  the  Irrawaddy, 
show  youthful  characteristics.  During  much  of  their  traverse  of  the  up>!and  th^ 
are  deeply  entrenched  artd  have  numercxis  falls  and  rapids..  Other  smaller  rivers 
such  as  the  Pilu  have  developed  courses  in  areas  of  plateau  limestone  artd  flow 
sluggishly  through  broad  vall^s.  On  higher  grourtd  to  either  side  of  such  valleys 
pdje  are  common. 

The  Shan  Upiarxf  nterges  gradually  with  the  Putao  Knot  to  the  rtorth  and 
extertds  well  into  Thailand  ext  the  east.  To  the  south,  espedally  in  Teoasserim,  the 
plateau  character  of  the  landscape  is  lost  and  is  replaced  by  icxtg  bands  of  parallel 
hills  and  low  mrxintains  with  narrow  valleys  between.  B’evatiexts  here  average 
2800  feet  with  a  number  c?f  individual  ridges  rising  to  5000  feet.  The  hill  and 
valley  alignment  in  Tenasserim  is  neariy  parallel  to  the  coast  and  cuts  almost 
directly  across  the  path  of  the  summer  monsoext  winds.  The  alignment  is  well 
illustrated  by  the  course  of  the  Tenasserim  River  which  cxiginates  northeast  of 
Tavoy  arxf  ^ws  southward  within  20  to  50  miles  of  the  sea  fex  over  150  miles 
before  breaking  through  the  hills  south  of  Mergui. 

The  orientation  and  Icxation  of  this  southern  extension  of  the  Shan  Upiand 
helps  to  produce  some  of  the  heaviest  rainfall  in  all  of  Burma.  The  equatorial  loca¬ 
tion  also  helps  assure  this  coast  the  longest  rainy  season  in  the  ctxjntry. 

B.  The  Central  Belt  of  Burma 

The  Central  Belt,  in  contrast  to  the  Shan  Upiand,  is  a  relatively  ycxjng  section 
of  the  country.  This  region  was  occupied,  as  recently  as  the  latter  part  of  the 
Tertiary  period,  by  a  great  arm  of  the  sea  known  as  the  Gulf  of  Burma.  Great 
depths  of  sediments  were  deposited  and  were  (ater  consolidated  into  sandstones 
and  shales.  This  broad  Central  Belt  extending  from  sooth  of  the  Putao  Knot  all  the 
way  to  the  pxesent  day  Golf  of  A^artaban  was  uplifted  and  was  then  subjected  to 
degradation  by  the  Proto-Irrawaddy  and  the  Proto-Chindwin  Rivers.  The  softer 
rocks  yielded  readily  and  broad  valleys  were  created.  As  sea  levels  rose  once 
again  the  streams  agraded  their  channels  and  deep  alluvial  deposits  were  laid 
down. 

The  harder  rocks  of  Central  Belt  resisted  erosion  by  tJie  giant  ancestors 
of  the  present  Irrawaddy,  Chindwin  and  Siftang  Rivers.  It  is  these  mexe  resistant 
rocks  that  today  stand  as  isolated  ranges  of  hills  buried  knee  deep  in  seas  of 
alluvial  deposits.  Thus  the  Pegu  Yoma  separate  the  Irrawaddy  Valley  from  that  of 
the  Sittang  and  in  part  help  to  create  the  Dry  Belt  of  Central  Burma.  The  southern¬ 
most  spur  of  the  Pegu  Yoma  supports  the  magnificent  Shwe  Dagon  Pagoda  at 
Rangoon.  From  this  point  north  the  range  gradually  increases  in  height  and 
breadth  to  culminate  at  Mt  Pom,  so‘jth  of  Pakokl-u,  where  a  suigle  peak  reaches 
4981  feet.  This  range  receives  significantly  higher  precipitation  than  do  the  plains 
to  the  east  and  west  North  of  Mt.  Popa,  where  the  Pegu  Yoma  end,  the  rainfall 
totals  fall  off  abruptly  and  the  Dry  Belt  achieves  its  greatest  permanence 

North  of  Shwebo  and  Katha  other  ranges  of  hiiis.  similar  in  origin  to  the 


Pegy  Ycsna.  make  iheif  appearance  above  rhe  alluvium.  These  ranges  become 
wider  and  higher  further  ;o  the  rtsrth  and,  in  fact,  are  the  foodiills  south  of  the 
Pu’ao  Krtos.  To  the  wi-esf  these  hill  »ar»ges  merge  v/i?h  the  Western  i^^ountain  Belt 

Air  masses  movirtg  north  across  the  C^irai  Belt  are  confined  by  the  higher 
moyntains  to  both  east  and  v/est  and  are  forced  up  artd  over  the  Shwebo,  Katha 
3r<j  other  hii!  ranges.  Orographic  cooling  increases  the  rainfall  on  these  areas  and 
tnus  the  hills,  in  effect,  r.ark  the  northern  limit  of  the  D»y  Best. 

C.  The  V/estern  tAouniatn  Belt 

The  V/estern  //mountain  Beit  is  composed  of  several  parallel  rartgas  that 
crigirtate  from  the  Putao  Knot  end  extend  all  the  way  to  Cape  Megrais  at  the 
southv/estern  corner  of  the  Irrawaddy  Delta.  This  mountain  system  is  broadest  arxl 
highest  to  the  north  and  gradually  diminishes  in  stature  toward  the  south.  Through 
the  Chin  Special  Division  along  the  Indian  border  elevations  of  a  number  of  ridges 
reach  90C0  feet  while  the  highest  peak.  /At  Saremetti  on  the  Assam  border, 
reacf^  an  elevation  of  12.551  feet.  Along  the  Arakan  Coast  the  crest  of  the  range 
averages  roughly  5000  feet  with  a  number  of  gaps  at  2500-3500  feet. 

From  a  climatolcgical  point  of  view  the  portions  of  the  Arakan  Ycma  parallel¬ 
ing  the  coast  from  the  Pakistan  border  to  the  Irrawaddy  Delta  are  of  particular 
importance.  Here  the  summer  monsoon  v/inds  from  the  warm  bay  of  Bengal  meet 
the  hills  at  right  angles.  As  the  air  is  forced  over  the  hills,  cooling  takes  place  and 
the  heaviest  rainfall  in  Burma  is  recorded.  V/here  the  mountains  are  higher,  as 
behind  Akyab,  the  rainfall  is  n-kost  intense  while  further  to  the  sooth  where  the 
relief  is  icv/er  precipitation  too  is  more  modest. 


/n  the  till  aU(  )ii  (outn  nf  Buima  hills  ond  miniutiinis  li  tli‘  I'Hl  of  tut 

I  >  uiu  ii(ld\  i/w  /'  hiichls  >>l  Iff!  al(>nir  the  (.hiiin  hi/tdi)  Dunn^  lin  imr 

till  Inu  I  I  I  .ill')  iirl  inr  iisibir  brlir.v  thf  \'ilid  (hind  fo:r> 


To  the  lee  of  these  ranges  the  effect  is  equally  apparent.  A  rain  shadov/  is 
well-developed  from  Prcme  to  the  Central  Chirsdwin  Val.ley  and  is  tncst  strongly 
developed  between  tMnhv  and  PakoJcku.  Air  descending  the  eastern  slopes  of  the 
Arakan  Ycma  is  warmed  adiabatically  and  linle  p'edpitaticn  falls  in  the  area. 

The  V/estern  .*<tountain  Beh  swings  in  a  broad  arc  and  to^vard  its  ncnhern 
end  the  trer»d  of  the  ranges  is  from  southwest  to  northeast.  -A*  the  northern  tip  of 
Burma  these  ranges  join  fcrtss  with  the  northern  end  of  the  Shan  Upland  to  cul¬ 
minate  in  the  Putso  K^c:  This  mass  of  moontainDi.-s  terrain  is  high,  rugged  and. 
in  part,  unexplored.  Several  peaks  both  along  the  Assam  border  and  the  China 
border  reach  heights  of  well  over  12,009  feet.  At  the  extreme  northern  tip  of 
Burma  Hkababc  Razi  reaches  19,296  feet  above  sea  level. 

Ranges  of  this  height  ccnvergir^g  at  the  northern  ertd  of  a  long  'cv/land 
funnel  through  which  summer  mortsccn  winds  naturally  focus  provide  a  topo- 
graphic  trap.  As  air  m-issei  are  caught  in  this  gigantic  box  canyon  orograpfhic 
squeeze  beixm^  well-develcped.  The  funnel  becomes  rr«ore  and  more  narrow/  as 
air  moves  further  to  fise  north.  This,  combined  with  the  fact  that  ground  surface 
becomes  increasingly  rugged,  induces  expansion  aloft,  rapid  air  cooling  massive 
cloud  development  and  heavy  rainfall.  Thus  rapid  increases  in  average  annual 
precipitation  are  experienced  as  one  travels  from  ?.hanro  to  Myiticyina  end  further 
north  along  the  Irrawadoy  Vaiiey. 

0.  The  Arakan  Coastal  Strip 

The  Arakan  Coastal  Strip  is  a  narrow  belt  betv/een  the  Arakan  Yoma  on 
the  east  and  the  Bay  of  Bengal  on  the  west.  In  the  rKXthern  portion  of  the  belt 
there  is  a  broad  area  of  level  land  formed  by  the  flood  plains  of  the  several  streams 
which  debauch  from  the  hills  and  mountains  to  the  north  end  cast.  To  the  south 
tise  coastal  strip  is  considerably  narrower  and  is  in  fact  displaced  altogether  in 
several  places  where  the  Yoma  reads  the  Bay. 

The  Arakan  Coastal  Strip  is  of  roughly  the  same  age  as  the  Central  Belt  and 
was  formed  in  a  like  manner.  This  is  by  far  the  smallest  of  the  geomorphic  regions 
of  Burma  and  from  the  climatological  point  of  view/  is  the  least  significant. 


GATHEMNO  RAINFALL  DATA 


Sainfell  da'a  in  Surma  are  ooiiected  trtxn  a  netwcrk  of  228  raingauge  stations 
distributed  throughout  the  country  as  sho<>/n  co  map  3.  A  ayfnt  of  the  stations 
shov/n  on  map  3  vriil  reveai  that  1-^  of  the  stations  have  been  omitted.  This  is  sc 
because  at  several  of  the  Oisiria  capitals  two  raingauge  stations  are  located  within 
a  miie  of  each  other,  too  close  to  be  distirtguished  cn  a  map  of  the  scs.^e  presented. 
Where  rwo  stations  were  found  to  be  in  dose  proximi^/  the  data  from  the  station 
of  longest  record  v/as  used  in  this  report,  fix  example,  a  few  miies  north  of 
Rangoon  data  were  available  frcm  /^ngaiedon  Airport,  a  meteorologicai  observa¬ 
tory,  arxi  from  /Aingaladon  Goii  Club,  a  privately  operated  station.  In  this  case 
the  airport  data  was  used  and  the  golf  club  data  ig.nored. 

The  rainfall  data  are  collected  by  three  different  government  agencies  of 
which  the  Meteoroiogica!  Department  is  by  far  the  most  important.  This  Depart¬ 
ment  operates  30  full-time  psrn^nent  observations  scattered  widely  throughout 
the  nation  and  located  mainly  at  the  Distria  and  State  capitals.  In  i^ition  there 
are  12  other  observatories  fully  equipped  to  measure  rainfall,  temperature, 
humidity,  pressure  and  wirtd.  These  12  are  also  located  in  District  capitals  and 
differ  from  the  30  above  only  in  that  they  arc  classed  as  norvpermanent  despite 
the  lor^g  records  compiled. 

The  Meieorofogicai  Department  also  maintains  equipment  and  pays  pert-time 
observers  at  150  raingauge  stations.  These  observers  record  the  data  from  their 
8  irKh  raingauge  each  day  at  0930  local  time  and  forward  the  results  periodically 
to  the  cfentral  office  in  Rangoon.  These  gauges  were  discovered  to  be  located  in 
fenced  enclosures  with  adequate  exposures  on  sites  chosen  by  the  Ateteorological 
Department.  Where  the  reports  are  available  these  data  are  considered  reliable. 

The  Irrigation  Department  also  maintains  a  system  of  gauges  centered  in  the 
Dry  Belt  of  Central  Burma,  These  29  stations  are  equipped  with  8  inch  gauges  and 
are  cared  for  by  full-time  observers.  The  gauge  at  Meiktila  is  considered  one  of 
the  best  in  the  whole  co(jntr>'  and  is  of  the  automatic  tip>ping  bucket  variety. 

The  Agricultural  Department,  too,  helps  in  the  collection  of  rainfall  data. 
This  Department  maintains  a  system  of  experimental  farms  and  at  seven  of  these, 
8  inch  rainfall  gauges  are  operated  by  competent  men  with  reporting  done  directly 
to  the  AAeteorological  Department. 

A  study  of  /Aap  3  will  show  that  the  distribution  of  raingauges  is  not  even 
throughout  the  country  but  is  highly  concentrated  in  the  major  agricultural  regions. 
The  network  in  the  Irrav/addy  Deita  and  in  the  Dry  Belt  is  ad^uate  for  all  but 
micro-studies.  In  the  Shan  Upland,  as  in  the  mountainous  region  to  the  west  and 
north  of  the  nation,  the  coverage  is  scanty  indeed.  Of  particular  note  is  the  fact 
that  nowhere  in  the  country  are  raingauge  stations  located  so  as  to  provide  data 
from  various  elevations  across  a  mountain  range. 

One  excellent  possibility  for  a  detailed  study  of  rainfall  differences  with 
changing  elevations  appears  to  be  along  the  road  between  Bhamo  and  Sinlumkaba 
in  the  Kachi.n  State.  The  direct  east-west  distance  between  these  towns  is  1714 
miles  and  a  jeepable  road  connects  the  two.  Bhamo,  at  an  elevation  of  350  feet, 
is  the  site  of  a  full-time  government  observatory  which  could  act  to  check  the 
accuracy  of  data  collected  at  the  low  point  of  the  profile.  Sinlumkaba,  at  6052 
feet,  is  the  site  of  a  government  high  school  where  well-educated  and  responsible 
observers  could  be  found  for  the  intermediate  stations. 

Another  p>otential  profile  site  lies  along  the  road  from  Meiktila  or  Thazi,  near 
the  southeastern  edge  of  the  Dry  Beit,  along  the  road  to  Kalaw  and  Taunggyi  in 
the  Shan  State.  The  straight  line  distance  here  would  be  about  65  miles  and  the 
difference  in  elevation  would  be  slightly  in  excess  of  5000  feet  Government 
stations  are  established  at  each  end  of  this  profile  and  could  serve  to  anchor  the 
profile. 

Very  interesting  results  might  be  obtained  from  a  profile  between  Kalemyo, 
in  the-  Chindwin  Valley,  and  Tiddim,  in  the  Chin  Special  Division.  Such  a  profile 
would  start  at  an  elevation  of  650  feet,  pass  through  Fort  White,  at  an  elevation 
of  slightly  over  7000  feet,  cross  rhe  pass  at  8000  feet  and  terminate  at  Tiddim, 
elevation  4000  feet  Additional  stations  on  such  a  profile  might  well  extend  three 
miles  e.ast  of  Tiddim  to  reach  the  Manipur  River  at  an  elevation  of  1600  feet. 
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Ranijall  data  arc  collected  in  Burma  by  several  government 
agencies.  At  most  stations  taingauges  arc  the  only  instru¬ 
ments  in  place.  These  gauges  are  normally  of  the  standard 
S"  sne  and  aie  well  exposed  in  a  fenced  compound.  Here  at 
Taiinggyi  in  the  compound  the  Highieay  Department  are 
located  two  raingaiigcs,  an  anemometer,  a  leeathcr  vane,  and 
(i  slandaid  instiamenl  shelter  containing  a  barometer  and 
maximum  and  minimum  theimonieteis. 

At  stations  such  as  this,  full-time  trained  obscivers  arc 
employed.  At  smaUei  stations,  part-time  obscivers  lead  the 
laineaiiiiis  and  lepoit  the  findings  to  Rangoon 


in 


The  road  from  Bhamo  to  Sinlumkaba  offers  excellent  possibilities  for  a  rainfall 
study  profile.  The  road  is  open  to  jeeps  at  all  seasons  but  during  the  rains  it  is 
sometimes  subject  to  landslides  as  above. 


The  rainfall  data  collected  by  the  various  raingauge  stations  throughout  the 
country  are  considered  to  be  generally  quite  accurate  although  occasional  typo¬ 
graphical  errors  are  to  be  found  in  the  printed  tables.  S.mall  variations  in  monthly 
and  yearly  "normal"  figures  are  found  from  time  to  time  in  the  records  for  almost 
every  station  as  is  illustrated  by  the  example  below. 


Table  1. 


J 

F 

Various 

AA  A 

Mandalay  Rainfall  Data  ' 

M  J  J  A  S 

0 

N 

D 

Year 

a. 

.1 

.1 

.2 

1.2 

5.8 

6.3 

2.7 

4.1 

5.4 

4.3 

2.0 

.4 

32.5 

b. 

.0 

.1 

.2 

1.1 

5.5 

5.4 

3.4 

4.1 

6.5 

4.7 

1.7 

.3 

33.3 

c. 

.0 

.2 

.2 

1.4 

5.9 

5.9 

2.8 

4.0 

5.8 

5.0 

2.5 

.4 

34.3 

d. 

.1 

.1 

.2 

1.1 

5.3 

5.7 

3.3 

4.2 

6.2 

4.5 

1.7 

.5 

32.5 

1.  line  A,  d»M  as  recorded  ir  "STetemeot  Showing  the  Monthly  and  Annual  Rainfall  at  Rain-Recording 
Stations  in  Burma  for  the  Year  1954",  same  data  is  listed  for  the  years  1950195.3;  same  data  is  used 
in  the  "Season  and  Crop  Report  of  the  Union  of  Burma  '  for  the  years  1951-1960.  line  B,  data  as  shown 
in  "Technical  Report  EF-9r',  Quartermaster  R.  and  E.  Center,  Natick,  A^a$$.,  p.  10.  line  c,  data  from 
"Rainfall  Recorded  at  District  Headquarters  or  at  the  Station  Nearest  to  District  Headquarters  in  Burma 

for  the  Month  of -  1960",  same  data  presented  by  M.  Y.  Nuttoson,  "The  Physical  Environment 

end  Agriculture  of  Burma",  p.  19.  line  d,  "Climatological  Tablet  for  Burma"  Rangoon,  1949  (reprint), 
pp  4.5 
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In  parr  these  small  differences  can  be  traced  to  a  change  in  the  location  of 
the  collecting  point.  For  example,  the  officia?  record  for  AAandalay  was  originally 
compiled  at  the  University  College  campus,  but  at  the  end  of  World  War  II  a  new 
collecting  p>oint  was  established  at  Mandalay  Airport.  The  new  station  has  the 
same  elevation  and  almost  the  identical  exposure  but  is  located  one  half  mile  due 
south  of  the  oider  University  College  raingauge. 

Differences  in  the  "nor.mal"  data  for  some  of  the  stations  with  records  shorter 
than  Mandalay's  60  years  can  be  explained  only  by  the  gradual  refinement  of  data 
as  more  and  more  records  become  available. 
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AVERAGE  RAINFALL  TOTALS 


The  most  striking  features  of  Burma's  precipitation  as  shown  on  map  4  are 
the  heavy  rainfall  totals  along  the  Arakan  and  Tenasserim  Coasts  and  the  very  low 
totals  recorded  in  Central  Burma.  At  Thaton  and  Tavoy  on  the  Tenasserim  Coast 
rainfall  averages  are  216  inches  and  214  inches  per  year  respectively  while  10 
miles  to  the  south  of  Tavoy  the  village  of  Launglon  records  226.23  inches  per  year, 
the  highest  average  of  any  of  the  raingauge  stations  in  Burma.  This  station,  three 
and  one-half  miles  inland  from  the  coast,  lies  at  an  elevation  of  less  than  500  feet 
above  sea  level.  Twenty  miles  inland  from  Launglon  and  ten  miles  inland  from 
Tavoy  a  range  of  hills  parallel  to  the  coast  reaches  an  average  crest  line  of  5100 
feet.  Undoubtedly  precipitation  totals  on  the  windward  flanks  of  this  range  are 
far  higher  than  that  recorded  at  Tavoy.  Unfortunately  the  only  available  data  is 
from  coastal  lowland  stations.  A  profile  of  raingauges  extending  directly  east 
from  Tavoy  to  the  valley  of  the  Tenasserim  River  would  yield  interesting  and  valu¬ 
able  data  on  rainfall  variations  as  infiuenced  by  topography. 

The  Arakan  Coast,  too.  records  very  high  annual  totals  and  stations  such  as 
Akyab  are  often  used  in  introductory  texts  as  examples  of  extreme  monsoon  rain¬ 
fall.  At  .Akyab  the  long  term  annual  average  rainfall  is  203  inches  while  Sandoway 
measures  212  inches.  Again  all  of  the  15  raingauges  in  this  section  of  the  country 
are  located  on  the  coastal  lowlands  or  on  the  small  offshore  islands  and  none  are  at 
significant  elevations  on  the  Arakan  Yoma.  A  trail  leads  almost  directly  across  the 
Arakan  Yoma  from  the  coast  behind  Kyaukpyu  to  Minbu  in  the  Dry  Beit.  The 
mountains  between  these  stations  reach  heights  of  5600  feet.  Again  no  rain- 
gauges  have  been  established  along  this  profile  and  a  study  here  would  shed 
invaluable  light  on  the  question  of  rainfall  variations  with  elevation  on  a  mountain 
range  lying  directly  athwart  the  monsoon  winds.  Travelers  who  are  familiar  with 
the  road  from  Taungup  to  Prome,  75  miles  south  of  the  above  proposed  profile, 
report  dramatic  changes  in  rainfall,  vegetation  and  land  use  potential  from  one  side 
to  the  other  of  this  considerably  lower  pass. 

Map  4  shows  heavy  annual  rainfall  totals  in  the  deltas  of  the  Irrawaddy  and 
Sittang  Rivers.  Heaviest  rainfall  Is  recorded  on  the  extreme  east  and  west  margins 
of  the  compound  delta.  Thus,  south  of  Bassein  precipita  ion  averages  a  little  over 
1 25  inches.  But  even  greater  totals  are  record^  at  the  eastern  side  of  the  delta 
along  the  edge  of  the  Shan  Upland.  Here,  orographic  uplift  combines  with  other 
rain  producing  mechanisms  to  yield  139  inches  at  Shwegyin  in  the  Sittang  Valley 
west  of  Papun.  This  station  is  located  15  miles  east  of  the  escarpment  which 
reaches  a  height  of  6000  feet  in  this  area.  Without  question  a  gauge  on  the 
escarpm.ent  edge  would  show  even  higher  totals. 

At  the  seaward  edge  of  the  middle  of  the  Irrawaddy  Delta  rainfall  totals  are 
roughly  100  inches  and  northward  from  this  point  they  decrease  gradually  with 
increasing  distance  from  the  sea,  as  may  be  seen  in  table  2. 


Table  2. 

Rainfall  in  Delta 


Rainfall 

Miles  from  Edge 

Same  Latitude 

Rainfall 

Irrawaddy  Valley 

in  Inches 

of  Della 

in  Sittang  Valley 

in  Inches 

M.yaungmya 

103 

30 

Maubin 

96 

40 

Danubyu 

87 

75 

Pegu 

127 

Henzada 

84 

100 

Nyaunglebin 

123 

Myanaung 

55 

150 

Pyu 

119 

Paungde 

52 

170 

Prome 

47 

200 

Toungoo 

83 

This  pattern  is  clear  in  the  Irrawaddy  Valley  and  is  also  noticeable  in  the 
Sittang.  This  latter  valiev  however  records  higher  totals  at  any  given  latitude  than 
does  the  Irrawaddy  for  two  reasons:  uplift  at  the  edge  of  the  Shan  Plateau  and 
the  rain  shadow  effect.  Table  2  compares  stations  at  similar  latitudes  in  the  two 
basins. 
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SepSfaisrtg  the  hrs-^add-i  from  «se  Sstreng  dxawsage  are  :re  ?egy  Ycna.  2 
tasv^  cf  hiiSs.  ■•.ese  pmcvid?  sorne  sdsiiioetai  oro^aphoc  cooking  c>  the 
mcnsocn  air  rsiassas  arid  thsrs  sauae  a  ncrthward  boBoe  cf  trie  issb^refs.  Trie  effect 
of  trssse  stills  can  be  nsf-isd  o*  map  4  ber<ween  Prome  and  Iwuri^oo.  Tins  rast©e 
infberices  preas^atioo  aimsst  as  far  north  as  Pakoiku. 

Frcst:  Prcme  »snh«!r«7d  a&£»ng  the  Irrawaddy  Valley  rainfall  totals  continue  to 
decrease  markedly  to  reach  a  mlnhnimv  a  few  rrisBes  south  of  the  coctfkiersce  c?  the 
Chirtdwin  with  the  Irrawaddy.  ioncticn  brings  together  the  waters,  d  two  of 
Surma's  greatest  rivers  in  the  cenJer  of  a  region  which  often  suffers  desperately 
from  water  sh^ages.  Ironically  neither  of  these  rivers  is  used  for  irrigation.  In 
earlier  days  me  techndogy  necessary  for  such  development  v/as  no?  available  and 
today  capita!  adequate  to  the  task  is  nor  to  be  hid  within  the  country.  The 
dramatic  drop  in  rainfall  totals  *  -Sv/een  Preme  and  the  heart  of  the  Dry  Belt  at 
Pagan  is  illustrated  by  table  3. 


Table  3. 

Rainfall  in  Dry  f>e!t 


Location 

Rainfall 

Number  of 

in  Inches 

Rainy  Days 

Prome 

47 

82 

Sinbaungv/e 

32 

65 

Magwe 

3! 

53 

Yaiangyaung 

25 

41 

Seikpyu 

24 

34 

Pagan 

23 

36 

On  the  eastern  side  of  the  Cer^tral  Lowland  the  drop  in  rainfall  north  from 
Toungoo  is  equally  impressive  in  terms  of  percentage  decrease  but  here  the 
absolute  minimum  is  nowhere  as  low  as  it  is  in  the  Irrawaddy  Valley.  Tnis  may  be 
accounted  for  in  part  by  the  effect  of  the  Shan  Upland  but  perhaps  of  even  greater 
significance  are  the  fShn-like  winds  which  blov/  down  the  lee  slopes  of  the 
Arakan  'loma  and  cross  the  Irrawaddy  lowlands.  These  winds  not  only  increase 
the  rate  of  evaporation  in  the  Irrawaddy  Valley  but  also  mix  with  air  flowing  north 
from  the  delta  region  reducing  its  relative  humidity  and  lowering  its  potential  for 
precipitation.  These  fohn  winds  are  blocked  from  access  to  the  Sittang  Valley  and 
its  northern  counterpart,  the  Samon  Valley,  by  the  Pegu  Yoma.  Precipitation  means 
are  thus  somewhat  higher  and  potential  evaporation  somewhat  lower  to  the  east 
of  the  Peg  j  Yoma  than  to  the  west. 

North  of  the  latitude  of  AAandalay  several  hill  ranges  appear  in  the  broad 
basin  between  the  Irrawaddy  and  the  Chindwin.  Ranges  such  as  the  Sagaing  Hills, 
the  Kaukkwe  Hills,  the  Loipyet  Hills  and  the  Mingin  Range  reach  heights  of  several 
thousand  feet  and  provide  a  mechanism  for  causing  further  orographic  cooling 
and  a  gradual  northward  increase  in  precipitation.  Northward  of  the  latitude  of 
Katha  and  Bhamo  the  orientation  of  Arakan  Yoma  changes,  the  mountains  become 
known  as  the  Naga  Hills,  the  Letha  Range  and  the  Patkai  Hills,  and  the  crest  lines 
converge  toward  the  Putao  Knot.  From  this  latitude  northward  average  annual 
precipitation  increases  markedly  largely  as  a  result  of  orographic  squeeze  com¬ 
bined  with  vigorous  uplift.  This  increase  may  be  noted  in  table  4. 


Table  4. 

Rainfall  in  North 


Locafion 

Rainfall 

Number  of 

in  Inches 

Rainy  Days 

Mandalay 

32 

47 

Singu 

43 

50 

Katha 

58 

79 

Bhamo 

72 

101 

Myifkyina 

80 

105 

Putao 

154 

151 

tss  tire  SJian  Upsijas  daia  teem  14  ram  isoocdmig  sswucsis  sS>5w  ajii%3?  avefagss 
rasDgir^  ffom  4S  Esirfies  Ks  69  sneiass-  The  ccCTiroIEng  isztee  afpesrs  to  be  expesare 
to  prevaj&ag  wtiads  atvd  eisvaJicsi.  Ot  the  sraiiocts  with  ritiabss  data  avaiSabfe 
Tatist^yi  shfi>ws  the  iKghess  pceopetatscr.  it  in  ot  mt&ess  s^j  nets  that  the  mstre 
T*i3P>^yi  directly  araJtsiatsd  it«o  &nghsh  trsarts.  “boc  hasl”  arsd  So  nose  that  this 
tovfti  is  at  an  elation  es  4750  test  and  in  a  pcsiticn  to  be  exposed  to  vrinds 
from  the  sooth  end  v^est.  ICo  cths?  station  cn  the  Shan  l^tiand  is  so  exposed  or  is 
so  elevated.  There  b  iinSe  question  but  shat  hsghsr  elevations  in  this  area  receive 
even  greater  ^edpttatk».  h>jt  unforttmater/  no  sopperting  data  is  available.  Cn 
many  a  day  shis  v/rttes  has  streSSed  through  the  Taunggyi  bazaar  with  ro  r»eed  of 
an  untbrelSa  wrhile  tv/o  miles  to  the  west  rainnil  on  the  upper  skspes  of  "the  peak", 
lOJK)  feet  above  the  tcv/n,  v/as  dearly  vi^?e. 

The  series  of  maps  5  through  16  show  the  pattern  of  "ricrmal"  rainfai!  by 
months  ever  Burma.  January  is  the  dryesT  month.  During  Shis  first  month  of  the 
year  the  vast  majority  of  the  223  raingauges  ooerating  intermittently  throughout 
Burma  report  an  average  of  less  than  .25  inches.  i.n  fact  in  any  single  year  the 
report  from  most  of  the  stations  record  rainfall  as  "nil".  The  long  term  averages 
do  demonstrate  hov/ever  ih^t  rainfall  on  the  order  of  .75  inches  may  be  expected 
in  the  Naga  Hills  and  over  most  of  the  Kachin  State  with  the  exception  of  the  low¬ 
lands  along  ihe  Irrawaddy  River  south  of  Myitkyina  and  the  Hukav/ng  Valley.  In 
these  latter  areas  and  over  the  eastern  two-thirds  of  the  Shan  Upland  long  term 
averages  are  between  one-quarter  and  one-half  inch. 

The  only  other  section  of  the  country  reporting  over  one-quarter  irteb  is  the 
coastal  region  from  Mergui  to  Victoria  Point  at  the  extreme  soothccrn  end  of  the 
country.  Here  again  in  at  least  50  percent  of  the  years  of  record  no  rainfall  is 
recorded  for  the  month. 

The  pattern  for  February  is  similar  to  that  of  January  but  v/ith  greater  roinfall 
and  with  a  fev/  interesting  additions  to  the  pattern.  Maximum  falls  are  still  to  be 
found  in  the  mountainous  sections  of  the  Kachin  State  and  the  Naga  Hills.  Rainfall 
totals  decrease  markedly  toward  the  south  and,  as  in  January,  moderate  predpita- 
tion  is  recorded  in  the  eastern  portion  of  the  Shan  Upland  and  in  the  coastal  areas 
of  Tenasserim.  Once  again  AAergui  in  the  far  south  is  noticeable  fo^  its  moderately 
abundant  rainfall. 

Variations  from  the  January  map  are  to  be  noted  in  the  modest  rainfall 
increases  in  the  central  portion  of  the  Irrawaddy  Delta,  at  the  extreme  southern 
end  of  the  Pegu  Yoma,  at  the  northern  end  of  the  Arakan  Coast  and  in  the  Chin 
Hills. 

It  will  be  recalled  that  during  the  winter  season  or  the  so<alled  "out 
monsoon"  one  of  the  causative  factors  appears  to  be  the  location  to  the  south  of 
the  Himalaya  of  the  jet  stream.  The  location  of  the  jet  stream  at  this  position, 
extending  from  northern  Italy  across  the  "Middle  East",  West  Pakistan  and  India 
all  the  way  to  the  latitude  of  the  northern  tip  of  Burma  also  acts  to  channel  cyclonic 
disturbances  along  this  path.  A  study  of  synoptic  maps  of  India  and  Burma  for 
the  "winter"  months  demonstrates  clearly  that  storms  of  Atlantic  origin  move 
through  the  A^editerra^ean  and  are  trapped  south  of  the  mountain  arc  and  the 
jet  stream  to  bring  rainfall  to  northern  Burma  from  December  to  early  April.  Air 
masses  drawn  into  the  warm  front  of  such  storms  from  over  the  Gulf  of  Siam 
produce  occasional  widespread  rainfall  over  the  eastern  portion  of  Burma's  Shan 
State.  This  nominal  precipitation  is  sufficient  to  yield  the  heavier  dry  season  totals 
recorded  in  the  area. 

This  early  rainfall  in  the  far  north  and  the  east  of  the  country  is  of  particular 
importance  to  the  very  numerous  practitioners  of  taungya  or  shifting  cultivation 
who  inhabit  these  regions.  This  early  rainfall  keeps  the  forest  moist  thus  helping 
to  control  the  fires  used  to  clear  the  newly  cut  areas.  Perhaps  more  important, 
the  cyclonic  moisture  enables  the  taungya  to  be  planted  and  vegetative  growth 
to  be  already  underway  prior  to  the  onset  of  heavy  monsoon  rains.  Erosion  which 
otherwise  might  very  soon  denude  the  slopes  is  kept  within  manageable  limits. 

By  mid-March  the  inter-tropical  front  has  normally  moved  north  of  the 
equator  sufficient  distance  to  place  it  along  a  line  extending  from  the  I.Tawaddy 
Delta  across  the  Bay  of  Bengal  to  the  island  of  Ceylon.  March  remains  a  dry  month 
for  Burma  as  a  whole  but  at  both  the  extreme  south  and  the  far  north  precipitation 
occurs  in  modest  volume. 
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Taungya  patches  are  scattered  widely  through  the  hill  and  mountain  country  of 
western  and  northeui  Burma.  The  pre-monsoon  rains  are  of  particular  impor¬ 
tance  to  farming  in  these  areas. 


To  the  south,  especially  ii-;  AAergui  and  Tavoy  Districts,  winds  are  quite  vari¬ 
able  during  the  month.  Air  flow  from  the  sea  together  with  some  convectional 
activity  comoine  to  produce  a  March  average  of  five  inches  of  rainfall  at  the  town 
of  Tenasserim  and  slightly  over  three  inches  in  much  of  the  .'■est  of  the  District, 
including  the  archipelago.  Rainfall  at  this  period,  while  other  agricultural  areas 
to  the  north  are  still  quite  dry,  gives  Mergui  the  shortest  dry  season  in  Burma 
and  helps  to  assure  the  success  of  Burma's  largest  rubber  plantations.  In  addition 
to  rubber,  Mergui  is  noted  for  the  high  quality  and  large  volume  of  her  equatorial 
fruits. 

By  the  month  of  April  the  inter-tropical  front  has  shifted  eastward  and  lies  in 
an  almost  north-south  line  across  Viet  Nam.  During  the  month  the  flov/  of  air  from 
water  to  land  becomes  more  marked,  the  frequency  of  development  of  convec¬ 
tional  cells  over  the  now  much  heated  land  areas  becomes  greater  and  rainfall, 
although  not  yet  heavy,  becomes  more  widespread.  During  April  even  the  dry 
central  Irrawaddy  Valley  shows  averages  of  over  one-half  inch  of  precipitation. 
Minbu  for  example  records  an  average  of  .77  inches  in  April  but  with  average 
monthly  temperature  at  89  7  F.,  the  highest  of  the  year,  this  rainfall  has  very  little 
effectiveness 

Areas  of  high  elevation  in  the  north  continue  to  demonstrate  the  highest  falls 
in  the  country  with  stations  north  of  Myitkyina  reporting  in  excess  of  six  inches. 
Rainfall  of  five  inches  in  Mergui  District  is  almost  matched  in  April  by  the  area 
around  Moulmeir.  with  only  slightly  less  than  three  inches 


!n  May  the  air  fk>w  remains  unsettled,  heating  of  the  land  surface  is  intensive 
and  mcKtsoon  winds  begin  to  make  their  debut  along  the  Tenesserim  Coast  where 
several  stations  show  rainfall  on  the  order  of  21-28  irKhes.  Along  the  Aralcen 
Coast,  in  the  Irrawaddy  Delta  artd  over  portions  of  the  Shan  State,  rainfall  of  from 
1 1-20  inches  is  recorded.  This  normally  occurs  in  showers  of  one  hour  or  two  in 
duration  with  considerable  sunny  periods  interspersed.  Genera!  cloud  cover  is 
not  yet  common. 

During  fAay  the  Dry  Belt  makes  it  first  teal  appearance  as  may  be  noted  by  the 
area  of  dashed  lines  showing  less  than  five  inches  of  rainfall.  I>espite  the  low 
totals  for  the  Dry  Belt  during  this  pre-monsoon  period  of  April  and  fAay  some  rain 
does  fall  and  this  is  of  very  great  significarKe  to  farming  in  the  area.  A.t  Pakokku 
the  two  rrionth  total  is  3.59  indies  while  across  the  river  at  Myingyan  the  total  is 
4. 1 S  inches,  in  both  cases  about  85  percent  of  the  total  occurs  in  AAay. 

Synoptic  charts  show  that  during  April  and  fAay  the  general  flow  of  air  from 
the  surface  to  a  ievei  of  approximately  three  kilometers  is  from  the  sooth,  thus 
representing  air  from  the  Andaman  Sea,  air  which  contains  modest  volumes  of 
moisture.  This  air  is  apparently  drav/n  to  the  dry  belt  by  the  thermally  induced 
low  pressure  created  as  a  result  of  ihe  very  high  /afternoon  surface  temperatures. 
At  levels  higher  than  3  kilometers  the  air  fiov/  is  from  north  to  south,  representing 
very  dry  continental  air  masses. 

Such  conditions  result  in  marked  instability  over  the  Dry  Belt.  Afternoon  and 
evening  thunderstorms  are  common  over  the  region,  especially  in  AAay,  and  are 
responsible  for  most  of  the  rain  that  occurs  during  the  month. 

June,  July  and  August  are  the  months  most  typical  of  the  southwest  monsoon. 
During  these  months  the  flow  of  air  from  the  Bay  of  Bengal  onto  the  land  area  of 
the  country  is  very  well  developed  and  almost  uninterrupted.  Air  flow  is  generally 
from  the  southwest  to  the  northeast.  However  where  the  smooth  flow  is  broken 
by  mountain  barriers  as  along  the  Tenasserim  Coast  the  main  flow  turns  almost  due 
north  to  reach  the  Irravraddy-Sittang  Delta  from  the  south.  Along  the  Arakan 
Coast  part  of  the  southwest  monsoon  wind  traverses  the  hills  and  part  is  deflected 
towed  the  Ganges  Delta. 

July  is  typical  of  conditions  during  these  months  and  reference  to  map  1 1 
shows  a  number  of  striking  features.  On  the  Tenasserim  Coast  between  AAergui 
and  the  mouth  of  the  Sit.ong  River  the  monsoon  winds  reach  the  hills  with  a  high 
moisture  content  and  with  remarkable  consistency.  Orographic  cooling  combined 
with  convectional  activity  and  the  passage  of  a  number  of  "lows"  combine  to 
produce  rainfall  averages  of  about  fifty  in^es  at  a  num.ber  of  locations.  Along  the 
Arakan  Coast  the  situation  is  similar  but  here  July  rainfall  is  slightly  heavier  with 
several  stations  measuring  in  excess  of  60  inches. 

Air  masses  moving  north  up  the  Irrawaddy  and  Sittang  Valleys  lose  moisture 
largely  through  the  action  of  the  depressions  active  in  the  monsoon  flow  and  by 
convectional  cooling.  Rainfall  in  the  delta  averages  some  22  inches  in  each  of  the 
three  months  June-August  and  this  total  decreases  with  increasing  distance  from 
the  sea  as  has  been  pointed  out. 

By  the  middle  of  September  the  force  and  consistency  of  the  monsoon  winds 
has  decreased  and  the  monsoon  has  begun  its  "retreat".  In  September  rainfall  on 
the  Arakan  Coast  averages  only  23  or  24  inches,  not  dry  by  any  means  but  well 
below  the  maximums  recorded  in  the  three  earlier  months.  At  the  same  time 
rainfall  along  the  Tenasserim  Coast  averages  slightly  in  excess  of  31  inches. 

One  of  the  most  interesting  features  of  the  ^ptember  map  is  that  at  this 
month  the  Dry  Belt  receives  its  greatest  rainfall.  The  area  measuring  less  than  five 
inches  is  confined  to  the  region  between  Pakok.;u  and  AAinbu,  or  only  about  1/6  of 
the  area  dry  in  August. 

October,  November  and  December  show  no  unexpected  patterns.  They 
demonstrate  the  effect  of  the  continually  v/eakening  and  retreating  southwest 
monsoon  and  the  emergence  of  the  northeast  winds  as  the  dominating  air  mass. 
From  October  through  December  the  rainfall  pattern  is  similar  with  the  only 
change  being  in  terms  of  the  amount. 

January  starts  the-  annual  cycle  once  again  and  is  the  dryest  month  of  the  year. 


NUMBBt  OF  RAINY  DAYS 


Maps  17  through  29  portray  the  pattern  of  annual  and  rnonthly  normal 
number  of  rainy  days.  As  might  be  expected  the  patterns  on  these  maps  are 
roughly  the  same  as  on  the  maps  of  total  rainfall. 

On  the  map  of  total  yearly  number  of  rainy  days  the  Dry  Belt  of  Central 
Burma  sho’//s  up  v/ell  and  is  centered  along  the  Irrav/addy  River  near  the  tov/n  of 
Pakokku.  At  that  station  the  normal  number  of  rainy  days  per  year  is  38  while 
the  total  rainfall  is  23.91  inches.  Thus  Pakokku  receives  an  average  of  .63  inches 
per  rainy  day. 

Victoria  Point,  at  the  extreme  southern  tip  of  the  Tenasserim  Coast  has  the 
greatest  number  of  rainy  days  in  all  of  Burma,  157,  and  records  166.5  inches  of 
rainfall,  an  average  of  1.06  irKhes  per  rainy  day.  Stations  along  the  Arakan 
average  about  125  rainy  days  per  "norma!"  year  and  record  the  heaviest  falls  per 
day.  Thus  Akyab  recorcls  1.62  and  Sandov/ay  1.71  inches  of  rainfall  per  rainy  day. 

For  the  country  as  a  whole  January  Is  usually  the  month  shov/ing  the  least 
number  of  station  days  of  rainy  weather.  During  the  month  the  majority  of  the 
228  stations  shov/  an  average  of  less  than  one  v/et  day.  Only  in  the  Kachin  Stete, 
north  of  Bhamo,  do  figures  reach  significant  size.  Here  the  mountains  along  tne 
China  border  record  v/et  periods  about  1  day  out  of  10.  in  lov/er  areas  of  the 
State,  records  show  only  one  wer  day  in  16  for  the  Kachin  State.  In  the  far  south, 
along  the  coastal  areas  of  A/lergui  District,  one  wet  day  is  expected  every  two 
weeks  in  January. 

Through  the  months  of  February  and  AAarch  the  number  of  rainy  days 
increases  gradually  in  that  third  of  the  nation  north  of  AAandalay  and  along  the 
Tenasserim  Coast  as  may  be  obse.''ved  on  maps  19  and  20.  The  remainder  of  the 
country  maintains  dry  weather  with  only  modest  cloud  cover  and  rapidly  increas¬ 
ing  temperatures.  In  this  area  rainy  days  during  the  first  quarter  of  the  year  are 
rare  indeed. 

In  April  the  expected  number  of  rainy  days  continue  to  increase  in  the  upland 
areas  of  eastern,  northern  and  northwestern  Burrria.  During  the  month  the  low¬ 
lands,  too,  begin  to  experience  a  wet  day  every  two  weeks  as  may  be  seen  on 
map  21. 

May  and  June  are  months  of  rapid  build-up  in  the  frequency  of  rainy  days. 
The  maximum  is  reached  in  July  and  August  after  v/hich  the  frequency  tapers  off. 
it  is  of  interest  to  note  that  the  build-up  of  rainfall  through  March,  April  and  May 
is  more  rapid  and  more  marked  than  is  the  decrease  in  number  of  rainy  days 
during  September,  October  and  November. 
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PAHERN  OF  HEAVY  RAINFALL 


Map  30  showing  "nornr'.al''  number  of  days  per  year  with  five  inches  or  more 
of  rainfall  v/as  compiled  from  the  records  of  158  stations  over  a  thirty  year  period. 
For  seventy  of  the  stations  data  v/ere  available  for  the  full  sequence  of  30  years 
while  the  remaining  stations  had  shorter  records.  The  total  data  available  for 
plotting  the  map  amounted  to  a  little  over  3300  station  years  or  an  average  of 
slightly  over  20  years  of  record  for  each  station. 

Very  heavy  rainfall  is  most  frequent  along  the  Arakan  Coast  and  along  the 
Tenasserim  Coast  from  Tavoy  to  AAoulmein.  At  Akyab  during  the  30  year  period 
1891-1920  daily  rainfall  totaled  between  five  and  ten  inches  on  214  separate 
occasions  and  on  15  of  these  days  rainfall  totaled  over  10  inches.  Its  average  of 
7.53  occurrences  per  year  of  rainfall  greater  than  five  inches  is  the  highest 
recorded  by  any  station  within  the  country.  Sandoway  and  Taungup,  150  miles 
southeast  of  Akyab,  each  showed  about  6.5  days  of  such  heavy  rain  per  year. 

Several  stations  on  the  Tenasserim  Coast  recorded  4  and  5  and  even  5.5 
occurrences  of  5  inch  rainfall  days  per  year,  but  no  station  in  this  area  could  equal 
the  Arakan  stations. 

The  frequency  of  heavy  rainfall  decreases  rapidly  inland  from  the  fringes  of 
the  Irrawaddy  Delta.  The  area  least  likely  to  experience  very  heavy  rainfall 
appears  to  be  the  southern  end  of  the  Dry  Beit.  Thayetmyo  District,  in  the  Irra¬ 
waddy  Valley  between  Prome  and  Minbu,  had  a  total  of  five  reporting  raingauges. 
Four  of  these  reported  for  all  30  years  and  the  fifth  reported  for  22  years.  In  a 
total  of  142  station  years  in  this  district  only  one  station  ever  recorded  as  much  as 
five  inches  of  rainfall  a  day  and  this  occurred  only  once. 

To  the  north  of  Thayetmyo  but  still  within  the  Dry  Belt  Minbu,  Pakokku  and 
Mandalay  Districts  all  had  remarkably  low  totals  but  all  were  higher  than 
Thayetmyo.  In  these  districts  heavy  rainfall  occurred  approximately  one  day  in 
every  eleven  years  at  each  station, 

A  second  area  of  remas-kabiy  low  occurrence  of  5  inch  rainfall  days  was 
found  in  the  Shan  State  in  a  broad  arc  extending  north  and  east  from  Taunggyi. 
Six  stations  in  this  area  had  records  extending  from  eleven  to  seventeen  years. 
Three  of  these  stations  reported  single  occurrences  of  heavy  rainfall  du.ring  the 
period  of  their  records  and  three  never  did  measure  one  day  falls  totaling  as  m.uch 
as  five  inches. 


Hcoi'x  rninfa!'  (wc'  ihr  Delta  Hegioas  ofini  results  lu  extensive  flooding  and 
the  isolation  of  hundieds  of  tin\  villages  and  manx  larger  towns. 
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Table  5. 

Rainfall  Extremes  '• 

Years  of 


Average 

A^ax. 

(year) 

Min. 

(year) 

Record 

Akyab 

202.84 

323.58 

(1918) 

120.62 

(1957) 

60  years 

Kyaukpyu 

185.93 

221.78 

(1926) 

118.32 

(1957) 

30 

it 

Sandoway 

214.05 

272.95 

(1918) 

169.32 

(1912) 

74 

tt 

Mawlaik 

72.89 

93.03 

(1938) 

32.44 

(1925) 

30 

a 

//ronywa 

31.32 

45.51 

(1947) 

18.14 

(1920) 

35 

// 

Bhamo 

73.08 

97.54 

(1910) 

55.59 

(1930) 

55 

n 

Katha 

59.71 

79.35 

(1938) 

36.31 

(1920) 

53 

Lashio 

61.86 

94.23 

(1927) 

42.10 

(1957) 

45 

// 

Mandalay 

34.31 

47.07 

(1904) 

19.40 

(1924) 

50 

II 

AAaymyo 

60.61 

80.38 

(1951) 

40.99 

(1931) 

40 

Myitkyina 

84.41 

109.58 

(1905) 

50.53 

(1909) 

45 

// 

Bassein 

109.01 

142.77 

(1950) 

73.54 

(1906) 

60 

.'/ 

Maubin 

95.69 

121.46 

(1919) 

60.25 

(1906) 

62 

// 

Meiktila 

35.36 

55.37 

(1926) 

22.05 

(19521 

51 

II 

Minbu 

34.87 

55.35 

(1938) 

23.14 

(1931) 

45 

n 

Myingyan 

27.42 

44.74 

(1926) 

11.40 

(1957) 

54 

Pakokku 

24.30 

39.24 

(1908) 

13.37 

(1921) 

52 

Prome 

47.49 

65.90 

(1952) 

32.48 

(1919) 

71 

II 

Pyapon 

100.68 

146.01 

(1929) 

75.02 

(1918) 

50 

n 

Loikaw 

46.05 

76.21 

(1936) 

32.08 

(1931) 

35 

n 

Taunggyi 

66.62 

91.15 

(190: 

47.76 

(1931) 

38 

n 

Thaton 

217.01 

252.72 

(1923) 

163.85 

(1957) 

50 

n 

Pegu 

129.86 

156.82 

(1937) 

82.10 

(1957) 

50 

n 

Pyinmana 

55.13 

76.83 

(1927) 

41.18 

(1919) 

54 

II 

Rangoon 

103.07 

125.99 

(1950) 

76.38 

(1951) 

60 

II 

Tharrawaddy 

87.11 

114.99 

(1914) 

61.27 

(1957) 

40 

n 

Toungoo 

83.21 

111.67 

(1907) 

53.42 

(1957) 

60 

n 

Yamethin 

38.16 

59.90 

(1916) 

18.60 

(1958) 

45 

II 

Mergui 

162.28 

190.68 

(1901) 

126.22 

(1958) 

60 

n 

Moulmein 

190.09 

241.08 

(1925) 

140.45 

(1927) 

60 

n 

Tavoy 

214.85 

285.25 

(1904) 

175.04 

(1958) 

50 

n 

Victoria  Point 

165.62 

191.51 

(1917) 

120.86 

(1947) 

30 

n 

I.  Compiled  from;  Hydrological  Division,  Burma  Meteorological  Department,  Hydrologic  Sumroary  for 
1958,  Gov.  of  Surma,  Rangoon,  '960.  mimeo,  pp.  2-1  through  2-34. 
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Pale  of  Heaviest  Rainfall 

Heaviest  rain  of  the  year  is  most  likely  to  occur  sometime  during  the  months 
of  July,  August  or  September.  The  onset  of  the  monsoon  period  is  normally 
marked  by  intermittent  periods  of  rainy  days  and  dry  days.  During  the  early 
phases  of  the  monsoon,  rainfall  is  likely  to  occur  as  moderately  heavy  to  heavy 
showers  of  anywhere  from  15  minutes  to  one  hour  duration  interspersed  v/ith 
drizzle  and  short  periods  of  sunshine.  Very  often  this  early  phase  of  the  monsoon 
is  followed  by  several  d^ys  of  clear  dry  weather  which  in  turn  is  followed  by  very 
heavy  rains,  often  including  the  heaviest  of  the  year.  An  analysis  of  daily  rainfall 
records  covering  134  station  years  shows  that  the  median  date  for  the  years 
highest  24  hour  rainfall  total  is  July  7.  This  dale,  however,  is  extremely  variable 
both  from  year  to  year  and  from  region  to  region. 

One  thing  that  is  certain  is  that  the  maximum  24  hour  rainfall  occurs  between 
mid-April  and  mid-November.  Of  the  134  station  years  for  which  daily  records 
have  been  studied  only  Kvo  annual  maximums  occurred  in  April  and  seven  in 
November.  Sixty-five  percent  of  the  records  are  almost  equally  divided  between 
July,  August  or  September  while  May  holds  the  fourth  greatest  number  with  18 
percent  followed  by  June  with  15  percent.  A  study  of  24  additional  stations  for 
which  the  data  is  summarized  by  months  and  with  records  varying  from  9  to  65 
years,  a  total  of  944  station  years,  indicates  much  rhe  same  pattern.  No  absolute 
daily  maximum  for  the  year  was  recorded  during  the  months  of  December-March. 
One  of  these  24  stations  shows  an  absolute  maximum  in  April,  and  one  in  Novem- 


Hcavicst  tainfall  of  the  year  is  most  Itkrly  to  occur  during  the  months  of  July, 
August  or  Scptcmbc)  and  often  results  from  x/iolent  conx/cclional  activity.  Here 
on  the  Shan  Upland  clouds  from  a  hcaxxy  thundci  shoxner  form  the  backdrop  of 
a  typical  farm  x  iew.  Solve  that  the  heax'y  mins  have  caused  considerable  erosion 
along  the  road. 
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ber;  two  show  absolute  fnasirnyms  in  October  and  two  in  September.  The  remain¬ 
ing  18  stations  have  recorded  absolute  maximum  falls  in  AAay,  June,  July  or 
August  with  August  and  May  in  that  order  the  most  important. 

The  1 1  year  median  volume  of  maximum  24  hour  precipitation  also  shows 
considerable  variation  from  place  to  place.  As  might  be  exp^ed  Akyab  on  the 
Arakan  Coast  records  the  highest  median  value,  7.5  inches.  Mergui,  also  at  a 
coastal  location  at  the  foot  of  the  mountains  but  far  to  the  sooth  of  Akyab,  is  well 
behind  in  second  place  but  nevertheless  refXMts  a  respectable  4.7  inch  median  for 
annual  24  hour  maximum  rainfall.  Inland  from  Rangoon  values  drop  rapidly  to 
reach  a  minimum  near  the  southern  edge  of  the  Dry  Belt  and  then  appear  to  rise 
again  as  one  continues  north.  Thus  Rangoon's  median  maximum  is  4.1  inches 
while  at  Prome  the  figure  is  only  2.0  inches  and  at  Pakokku  and  Mandalay  respec¬ 
tively  the  medians  are  2.7  and  3.8  inches.  The  reason  for  an  increase  in  the 
median  inland  from  the  border  of  the  Dry  Belt  is  apparently  related  to  the  fact 
that  at  coastal  stations  such  as  Akyab  and  Mergui  rainfall  is  caused  chiefly  by  weak 
cyclonic  disturbances  traveling  with  the  monsoon  air  drift  and  by  orographic  cool¬ 
ing  along  the  mountains  —  thus  heavy  rains.  In  stations  from  Rangoon  north 
through  the  Dry  Belt  orographic  cooling  is  minimal.  At  Rangoon  and  at  Prome 
the  major  cause  of  heavy  precipitation  appears  to  be  the  passage  of  the  weak  lows. 
As  these  move  further  and  further  from  the  sea  the  volume  of  rain  produced 
becomes  smaller.  However  in  the  Dry  Belt  with  its  much  greater  incindence  of 
sunlight  and  its  higher  temperatures,  convectional  activity  is  far  better  developed. 
Thunderstorms  are  both  more  frequent  and  more  intense  at  Pakokku  and  AAandalay 
than  they  are  at  Rangoon  or  at  Prome.  These  storms,  afthough  of  small  areal 
extent  and  thus  infrequent  over  any  given  station,  often  cause  intense  rainfall  for 
short  periods  and  probably  account  for  the  higher  24  hour  rainfall  records  in  the 
Dry  Belt  than  are  found  at  stations  such  as  Prome,  Toungoo,  Thayetmyo  and 
Pyinmana  at  the  edge  of  the  Dry  Belt. 


50 


"BURSTING"  OF  THE  MONSOON 


Popular  literature  often  leads  one  to  believe  that  the  monsoon  "bursts  with 
full  fury"  upon  the  Burmese  landscape  at  a  given  date  near  the  end  of  May.  Such 
a  statement  may  well  be  true  for  almost  any  given  station  in  any  single  year,  but 
such  a  statement  is  inadequate,  strongly  misleading  and  vastly  oversimplified. 

In  describing  the  monsoon  reason  as  it  exists  over  the  Ganges  and  Irrawaddy 
Deltas,  W.  G.  Moore's  A  Dictionary  of  Geography,  says  In  part:  "The  southwest 
monsoon  moves  forward  with  a  definite  front  and  arrives  at  each  place  at  approxi¬ 
mately  the  same  date  each  year;  the  first  rain  is  known  as  the  'burst  of  the 
monsoon'  ". 

A  study  of  the  available  data  for  several  stations  in  Burma  indicates  that  this 
statement  is  wrong  in  two  respects.  At  most  stations  there  is  considerable  variation 
in  the  date  of  the  onset  of  the  monsoon  rains  and  also  the  first  rain  is  normally 
considerably  less  than  the  average  fall  per  day  for  the  entire  season.  The  data 
would  thus  indicate  that  one  is  hardly  |ostified  in  speaking  of  the  "burst"  of  the 
monsoon. 

To  take  two  examples  of  stations  in  the  most  direct  path  of  the  heaviest  mon¬ 
soon  influence,  the  data  for  Akyab  and  Rangoon  prove  enlightening.  The  first 
question  is  to  decide  just  when  the  "monsoon  rains"  begin.  As  has  been  indicated 
and  as  may  be  observed  from  graphs  1  and  2  the  beginning  of  the  monsoon 
rains  is  marked  by  alternating,  roughly  equal  periods  of  rainy  days  and  dry  days. 
Such  conditions  last  for  approximately  two  weeks  and  are  followed  by  several 
months  during  whi'^h  the  typical  pattern  is  to  have  a  number  of  long  periods  of 
rainy  days  each  followed  by  a  short  period  of  dry  weather.  For  purposes  of  this 
study  the  monsoon  period  is  defined  as  the  season  in  which  there  are  more  rainy 
days  than  there  are  dry  days.  The  break  of  the  monsoon  rains  then  is  taken  as 
the  first  rainy  day  of  the  first  20  day  period,  starting  with  January  1 ,  during  which 
at  least  eleven  days  recorded  rainfall  and  no  more  than  nine  days  were  dry. 
Moreover  a  rainy  day  was  defined  as  a  day  recording  one  one-hundredth  of  an 
inch  or  more  of  precipitation.  This  definition  of  a  rainy  day  is  the  same  definition 
used  by  the  Meteorological  Department  of  the  Union  of  Burma  and  the  data  was 
derived  from  two  sources:  "Daily  Rainfall  of  India,  for  the  years  prior  to  1937  and 
"Daily  Rainfall  Recorded  in  Burma  for  the  Month",  for  the  years  following  1937. 

Using  the  above  criterion  and  studying  the  daily  rainfall  data  for  eleven  years 
it  was  found  that  at  Rangoon  the  "normal"  condition  was  for  the  monsoon  rains  to 
begin  on  May  6th,  the  mean  date  over  the  period.  However  during  the  eleven 
years  under  study  the  date  of  the  onset  of  the  rainy  period  varied  from  April  26 
to  May  21,  a  25  day  period.  Also  the  mean  variation  of  the  beginning  of  the  rains 
from  the  "normal"  of  .May  6th  was  7  days.  The  first  day  of  the  monsoon  rains 
according  to  this  definition  brought  an  average  of  .36  inches  of  rainfall  compared 
to  typical  fall  for  all  rainy  days  for  the  year  of  .63  inches.  Thus  the  advent  of  the 
rains  varied  considerably  in  date  and  brought  only  60  percent  as  much  rain  as  the 
average  for  all  rainy  days. 

At  Akyab  on  the  Arakan  Coast,  an  area  experiencing  the  heaviest  rainfall  in 
Burma  and  the  area  with  the  most  pronounced  "monsoon"  rainfall  pattern,  the 
story  is  similar.  At  Akyab  the  monsoon  rains  "normally"  begin  on  May  9,  three 
days  later  than  at  Rangoon  and  the  variation  in  beginning  date  was  from  May  1 
to  June  7,  a  37  day  period  or  almost  two  weeks  greater  than  at  Rangoon.  During 
one  of  the  years  under  study  the  rains  at  Akyab  were  delayed  a  full  four  weeks 
beyond  their  expected  arrival.  If  this  year  is  omitted  from  the  data  it  is  found  that 
the  variation  is  confined  between  May  1  and  May  22,  and  that  the  average 
variation  from  the  May  9  "normal"  date  is  only  six  days.  The  "bursting"  of  the 
monsoon  rains  at  Akyab  brought  an  average  of  .76  inches  of  rainfall,  heavy  by 
standards  in  many  parts  of  the  world,  but  less  than  60  percent  of  the  1.39  inches 
which  is  the  average  fall  per  rainy  day  for  the  entire  year  at  Akyab. 

For  the  country  as  a  whole  the  monsoon  normally  begins  first  in  the  southern 
section  of  the  Tenasserim  Coast.  .At  Mergui,  for  example,  the  normal  date  app>ears 
to  be  about  April  24.  Roughly  two  weeks  later  tne  rains  begin  in  earnest  at 
Rangoon  and  along  the  Arakan  Coast.  Within  five  days  of  the  Rangoon  date  the 
rains  usually  have  begun  at  Papun  in  the  Karen  State,  at  Myitkyina  in  the 
mountainous  Kachin  State  to  the  far  north  and  in  both  the  eastern  highlands 
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During  the  last  half  of  May  the  Irrawaddy  Delta  often  experiences  the  first  of 
the  monsoon  rains.  The  early  rains  are  followed  by  several  days  of  sunny  weather 
with  scattered  clouds.  At  this  lime  farmers  move  to  the  fields  to  complete  the 
first  phases  of  farm  preparation. 


(Taunggyi)  and  the  western  highlands  (Falam).  About  two  weeks  after  the  Rangoon 
date  the  rainy  season  at  Prcme.  150  miles  inland,  begins  and  ten  days  after  that, 
or  roughly  the  first  of  June,  the  wet  season  begins  at  AAandalay,  375  miles  north 
of  Rangoon.  Two  interesting  features  of  this  apparent  northward  movement  of  the 
rains  from  Rangoon  to  Prome  to  Mandalay,  are  obvious  from  the  data.  First;  in  no 
year  for  which  data  is  at  hand  did  the  rains  begin  sooner  at  Prome  than  at  Ran¬ 
goon,  although  in  1930  they  started  on  the  same  date  at  both  stations.  Second; 
during  five  of  the  eleven  years  under  study  the  rain'  began  at  Mandalay  before 
they  began  at  Prome  225  miles  to  the  south.  It  seems  clear  that,  through  Burma's 
Dry  Belt  at  least,  the  monsoon  rains  do  not  move  forv/ard  with  a  definite  front. 

In  the  very  heart  of  the  Dry  Belt  at  Pakokku  the  normal  date  for  the  monsoon 
appears  to  be  June  21st,  a  full  six  weeks  later  than  at  Rangoon.  In  fact,  using  the 
definition  of  1 1  days  with  rain  out  of  20  consecutive  days,  certain  Dry  Belt  stations 
such  as  Mandalay  and  Pakokku  have  true  monsoon  rains  only  five  of  every  ten 
years.  During  the  other  years  the  number  of  rainy  days  at  such  stations  is  so  low 
and  the  pattern  of  occurrence  is  so  scattered  that  at  no  time  during  the  year  is 
rainfall  recorded  on  as  many  as  eleven  out  of  twenty  consecutive  days. 
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NATURE  OF  THE  RAINY  SEASON 

In  order  to  portray  more  accurately  the  character  of  the  succession  of  daily 
weather  types  at  the  b^inning  of  the  monsoon  period,  during  the  mid-^nonsoon 
and  at  the  end  of  the  period,  eleven  graphs  were  drawn.  For  every  station,  tables 
were  constructed  to  shew  the  sequence  through  the  entire  year  of  dry  and  wet 
days  recorded  during  each  of  eleven  years  for  which  data  was  available.  Both 
the  number  of  occurences  of  rainfall  and  grouping  of  rainy  days  was  taken  into 
account  in  constructing  a  final  table.  This  final  table  listed  the  mean  sequence  of 
dry  and  wet  days  for  a  "normal"  year  at  the  station  under  study.  These  final 
tables  are  expressed  in  graph  form.  See  gratis  1  through  11. 

On  these  "normal  weather  sequence"  graphs  the  X  axis  represents  the 
number  of  rainy  days  and  the  Y  axis  the  num^  of  dry  days.  Thus  a  station  with 
365  consecutive  days  having  rainfall  of  orte  orte-hundredth  of  an  irKh  or  naore  in 
a  normal  year  would  be  repres  nted  by  a  horizontal  line  and  a  station  with  365 
dry  days  per  year  would  shown  as  a  vertical  lirte.  The  intersection  of  the  X 
and  Y  axis  at  the  lower  left  corner  of  the  graph  represents  January  1st  and  ti'te 
end  of  the  line  at  the  upper  right  hand  comer  of  each  graph  represents  December 
31st.  The  point  on  the  graph  representing  the  first  day  of  each  month  is  indicated. 

The  figures  along  the  X  axis  represent  the  cumulative  number  of  expected 
rainy  days  since  January  1,  while  figures  on  the  Y  axis  represent  the  total  number 
of  dry  days  since  the  b^inning  of  the  year.  Thus  the  yearly  total  number  of  wet 
and  dry  days  at  any  station  may  be  obtained  by  reading  the  coordinates  at  the 
right  end  of  the  graph  and  the  normal  cumulative  totji  of  iuch  days  to  any  date 
during  the  year  may  be  found  by  reading  the  coord  nates  for  that  date.  At  the 
scale  used  in  graphs  1  through  1 1  each  grid  line  represents  two  days. 

To  obtain  a  quick  idea  of  the  type  of  weather  which  might  normally  be 
expected,  for  the  next  tv/o  weeks  from  any  date  at  any  station  the  user  has  only 
to  locate  the  appropriate  graf>h  and  find  the  period  under  consideration.  Where 
the  graph  is  horizontal  the  normal  pattern  indicates  rain;  w.here  the  graph  is 
vertical  the  normal  pattern  is  for  dry  weather.  Where  the  line  alternates,  so,  most 
likely,  will  the  daily  weather  sequence. 

By  the  very  nature  of  the  variability  of  weather  It  is  clear  that  such  graphs 
have  little  predictive  value  for  periods  as  short  as  a  day  or  two.  It  is  equally  true 
that  such  graphs  have  greatest  accuracy  and  predictive  value  where  the  line 
ap>proaches  either  the  horizontal  or  the  vertical  position.  The  graphs  do,  howeve.^ 
portray  the  norma!  character  of  the  weather  year  with  clarity  and  simplidty  as 
may  pointed  out  dramatically  by  comparing  the  graphs  for  Rangoon  and 
Mandalay. 

At  Rangoon  the  year  begins  with  a  pronounced  dry  season.  During  the 
months  of  January  and  February  only  one  wet  day  is  normally  experienced  and 
this  usually  occurs  near  the  end  of  February.  The  graph  shows  Fe^uary  24th  as 
the  mean  date  for  this  single  wet  day.  The  normal  year's  second  wet  day  is  most 
likely  to  occur  in  the  third  week  of  A^rch  and  shows  on  the  graph  as  .Viarch  20th, 
During  April  four  of  the  thirty  days  may  be  expected  to  be  wet;  these  wet  days 
often  occur  as  two  sequences  of  two  wet  days  each  separated  by  four  dry  days. 
From  April  22nd  until  AAay  6th  the  graph  shov/s  a  dry  period,  but  from  AAay  6th 
on,  a  period  of  intermittent  wet  and  dry  days  extends  to  the  17th  of  AAay.  During 
this  period  surface  winds  are  variable  but  they  come  more  and  more  frequently 
from  the  south  and  souihwest.  Surface  heating  is  intense  and  conditions  are  ripe 
for  convectional  activity.  Local  thunderstorms  increase  in  frequency  and  in 
severity  and  herald  the  approach  of  the  true  monsoon  rains.  This  time  of  the 
"little  monsoon"  is  also  a  period  when  severe  cyclonic  depressions  form  in  the 
Bay  of  Bengal  and  occasionally  enter  the  Irrawaddy  Delta  or  cross  the  Arakan 
Coast  causing  considerable  wind  damage  and  torrential  rains. 

From  AAay  18th  until  October  1st  the  number  of  days  with  rain  far  exceads 
the  number  of  dry  days.  This  truly  is  the  monsoon  period.  As  defined  in  the  pre¬ 
ceding  section  the  monsoon  rains  are  said  to  begin  with  the  first  rainy  day  of  a 
sequence  of  twenty  days,  eleven  of  which  are  wet.  Clearly  the  rainy  season  begins 
on  the  6th  of  AAay  during  a  "normal"  year  at  Rangoon.  As  was  pointed  out  above, 
this  date  fluctuates  from  year  to  year  and  represents  only  the  average  date  over  a 
number  of  years. 
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It  should  be  emphasta^K^  iitar  the  transition  from  dry  to  rainy  season  is  not 
accomplished  in  a  singl*^  ^lav  but  rather  is- marked  by  a  period  of  alternating  wet 
and  dry  spells.  At  Rangoon  th^i  trtnrl^  in  is  accomplished  in  12  days  while  at 
Myitkyina  and  Falam  the  shift  takes  w-H?  over  a  month  of  alternating  wet  and  dry 
periods,  with  neither  being  clearly  able  to  dominate  the  weather.  At  Mandalay 
the  only  period  which  normally  meets  the  above  definition  of  monsoon  rains 
extends  through  tF«  last  two  weeks  of  August  and  the  first  week  of  September. 
Pakokku  represents  the  heart  of  the  Dry  Belt  and  a  careful  study  of  Its  graph  v/ili 
indicate  that  during  a  "norma!"  year  there  Is  no  period  which  meets  the  definition 
of  monsoon  rains.  Clearly  however,  Pakokku  does  show  a  distinction  between  the 
dry  season  and  the  wetter  season.  The  wetter  period  begins  at  about  the  ISth  of 
May  and  extends  through  the  first  week  of  October.  Throughout  this  wet  sea' on 
at  Pakokku,  as  at  AAandalay,  the  day-to-day  weather  is  characterized  by  a  sequence 
of  from  one  to  five  days  of  dry  weather  followed  by  a  series  of  from  one  to  four 
days  with  predpitaticn. 

Throughout  ail  of  Burma  outside  of  the  Dry  Belt  a  pronounced  period  of 
monsoon  rains  prevails  from  mid-May  approximately  until  the  last  week  of 
September  at  which  date  the  dominance  of  wet  days  over  dry  days  begins  to 
lessen.  The  graph  for  Rangoon  indicates  that  even  in  the  midst  of  the  rainy 
season  a  few  clear  dry  days  are  to  be  expected.  Thus  June  exhibits  two  such  days, 
approximately  a  week  apart,  and  July  shows  a  single  dry  day.  At  the  beginning 
of  the  third  week  of  August  two  successive  days  are  apt  to  be  dry  and  in 
September  there  are  four  such  days.  From  October  first  through  November  first 


/}  small  farm  village  50  miles  northivest  of  Alogauiig  in  the  Kachin  Stale.  Here 
rainfall  of  approximately  120  niches  is  distributed  over  almost  150  rainy  days 
each  year. 
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Rangoon  normally  enjoys  an  equal  number  of  wet  and  dry  days.  This  is  the  period 
of  the  retreating  mons-ocn. 

Th*  iransiticn  from  rainy  season  to  dry  season  varies  in  date  of  occurrence  as 
does  the  onset  of  !h*  monsoon  rains.  While  the  transition  at  the  beginning  of  the 
rair.T 's  sccofnpiished  In  less  than  two  weeks  the  transition  at  the  end  of  the  rains 
is  sr„-i-:d  over  a  full  month.  At  Rangoon  November  and  December  are  dry  months 
nrs-maify  exhibiting  only  five  and  one  wet  days  respectively. 

the  graph  for  Akyab  shows  a  marked  similarity  to  that  of  Rangoon.  At  both 
stations  the  onset  of  the  rains  is  quite  abrupt  while  the  end  of  the  rains  is  marked 
by  s  much  icfiger  trensition.  Akyab  averages  almost  twice  the  total  rainfall 
recorded  at  Rangoon,  yet  shows  iijghliy  fewer  rainy  days.  Clearly  the  precipita¬ 
tion  per  wet  day  is  far  greater  than  ar  Rangoon.  The  graph  for  Papun  is  hardly 
distinguishable  from  those  of  Rangoon  and  Akyab  exce^  that  the  end  of  the 
monsoon  is  slightly  shorter  and  the  transition  oeriod  at  either  end  of  the  rainy 
season  is  approximately  equal  in  length. 

Stations  such  as  Falam,  Myitkyina  and  Putao  in  the  mountainous  northern  and 
northwestern  portions  of  the  country  also  show  very  close  similarity  one  to  the 
other.  The  range  of  number  of  rainy  days  is  only  from  148  to  152  despite  the 
fact  that  total  precipitation  varies  from  66  inches  at  Falam  to  154  inches  at  Putao. 
in  all  three  cases  January  is  a  dry  month  white  February,  March,  April  and  AAay 
show  an  increasing  frequency  of  wet  days  leading  up  to  the  onset  of  the  monsoon 
in  June.  The  transition  from  dry  to  wet  is  not  as  sharp  and  clear  here  as  it  is  at 
Rangoon,  Akyab  end  Papun.  Falam,  Myitkyina  and  Putao  also  exhibit  rainy  sea¬ 
sons  interrupted  by  more  frequent  dry  periods  than  were  found  at  Rangoon. 

Mandalay  and  Pakokku  illustrate  conditions  in  Centra!  Burma's  Dry  Beit  while 
Prcr.ve  shows  conditions  transitional  between  ihe  wet  coastal  monsoon  areas  and 
the  Dry  Belt.  Mergui  demonstrates  seasonal  weather  changes  representative  of 
the  southern  portions  of  the  Tenasserim  Coast  and  Taunggyi  is  perhaps  typical  of 
the  march  of  seasons  on  the  Shan  Upland. 
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DIURNAL  VARIATION  OF  RAINFAU< 


Long  time  residents  of  Burma  have  learned  from  experience  that  to  plan  any 
shopping  trip  or  social  engagement  between  noon  and  seven  in  the  evening  during 
the  monsoon  is  to  invite  a  drenching  from  the  torrential  rains.  Trips  are  made  early 
in  the  morning  and  dinner  engagements  are  delayed  until  at  least  eight  o'clock  in 
the  evening  partly  in  an  attempt  to  avoid  getting  soaked.  The  hours  between  two 
and  five  in  the  afternoon  are  avoided  at  almost  any  cost  for  to  venture  outside  at 
this  tin'.e  of  the  day  is  considered  sheer  folly.  From  about  one  to  three  o'clock 
many  shops,  offices  and  banks  are  closed  and  even  ilte  bazaars  are  quiet  and 
lethargic.  The  transplanting  of  rice  comes  to  a  virtual  halt  during  the  mid  afternoon 
hours  and  even  the  taunqya  operators  take  a  long  siesta.  This  rhythm  of  life  in 
Burma  is  so  well  defined  and  so  wiciespread  as  to  appear  clearly  to  be  an  adapfa* 
tion  to  environmental  conditions.  As  has  been  demonstrated  in  an  earlier  study  2. 
these  are  the  hours  of  oppressive  dry  season  temperatures;  these  a'-e  also  the  hours 
of  heaviest  monsoon  rainfall.  These  are  hours  when  physical  activity  is  least 
pieasant  during  a  major  portion  of  ti  ^  year.  These  are  hours  to  be  avoided. 

Little  data  has  been  collected  to  verify  the  widely  accepted  facTs  concerning  ^ 

diurnal  rainfall  patterns.  Texts  are  full  of  statements  such  as:  "rains  are  of  a 
thundery  type  usually  occurring  in  the  afternoon  or  early  evening"  or  "the  heaviest 

falls  are  recorded  in  the  afternoon  hours",  but  seldom  are  such  statements  backed  x 

by  data.  S.  S.  Lai's  study  of  hourly  rainfall  at  Mingaladon  gives  substance  to  the  ^ 

widely  held  beliefs  concerning  the  daily  rainfall  pattern. 

During  a  f.«riod  of  slightly  over  nine  years,  from  September  1932  through  ^ 

December  1941  a  self-recording  raingauge  operated  first  by  the  India  A/\eteoro- 
iogical  Department  and  later  by  the  Burma  AAeteoroiogical  Department  was  in  use 

at  Mingaladon  Airport.  The  site  was  12  miles  north  of  Rangoon,  at  an  elevation  of  - 

79  feet  above  sea  level,  near  the  edge  of  a  wooded  plateau  and  midway  between  - 

two  large  lakes.  The  rainguage  operated  in  a  standard  observatory  enclosure  at 


the  edge  of  the  airport  runway  and  at  a  height  of  30  inches  above  the  ground. 

The  total  rainfall  over  the  nine  year  peric^,  October  1,  1932  -  September  30,  ->  '■ 

1941,  and  the  total  number  of  rain-hours  for  each  of  the  24  hours  of  the  day  for  < 

each  of  the  four  seasons  of  the  year  was  tabulated  and  plotted.  See  graph  12.  ‘ 

Cool  Season.  This  season,  defined  by  Lai  as  the  months  of  December  through  2 


fAarch,  represents  what  is  clearly  the  driest  portion  of  the  year.  Over  the  nine 
year  period  a  total  of  13.80  inches  of  rain  fell  during  these  four  months  and  these 
were  recorded  during  a  total  of  100  rain-hours.  The  graph  shows  that  during  this 
season  the  greatest  volu.me  of  rain  fell  during  the  hours  from  2-4  in  the  afternoon 
with  a  second  peak  at  7  o'clock  in  the  evening. 

This  season  as  a  whole  recorded  only  one  and  one-half  percent  of  the  total 
precipitation,  but  of  that  small  total  slightly  over  70  percent  fell  between  the  hours 
of  6:00  a.m.  and  8:00  p.m.  By  co.ntrast  the  hours  from  midnight  to  6:00  a.m., 
representing  one-fourth  of  the  entire  day,  recorded  only  slightly  over  1 1  percent 
of  the  rainfall  and  were  the  driest  hours  of  the  season.  The  wettest  month  of  this 
season  v/as  December  which  recorded  afternoon  maximums,  while  in  Januar>', 
February  and  March  no  rainfall  was  recorded  in  the  nine  year  period  between 
10:00  p.m.  and  5:00  a.m. 

Hot  Season.  The  hot  season  is  defined  as  the  months  of  April  and  AAay  and 
is  a  period  of  intensive  heating,  unsettled  air  mass  movement  and  intensive  con- 
veciicnal  activity.  These  two  months  recorded  a  total  of  1 3  percent  of  the  yearly 
rainfall,  much  of  it  from  thunderstorms.  The  greatest  rainfall  in  any  one  hour 
period  occurred  be^ween  1 :00  and  2:00  p.m.,  which  hour  recorded  1 0  percent  of 
the  season's  total.  The  graph  shows  a  marked  peak  in  precipitation  during  the 
warmest  part  of  the  day  from  10:00  a.m.  to  7:00  p.m.  The  peak  is  also  noticeable 
in  terms  of  the  number  of  rain-hours  concentrated  in  this  part  of  the  day. 


1.  Much  of  the  miterial  in  the  following  paragraphs  is  derived  from  a  single  excellent  source:  Lai,  S.S., 
"A  Study  of  Hourly  Rainfall  at  AMngaladon  Airport  (Surma)”, 

2.  Huke,  R.  E.,  Temperature  Change  With  Elevation  in  Burma,  indiaruj  Univ.,  Foundation,  Bloomington, 
Indiana,  1962,  143  pp. 
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DIURNAL  VARIATION  OF  RAINFALL  AT  MINGALADON' 


GRAPH  12 


At  most  stations  in  Burma  the  greatest  concentration  of  rainfall  during  the  24 
hour  period  is  between  1:00  and  5:00  p.m.  At  a  station  such  as  Sinlunmaba  on 
the  day  the  above  picture  was  taken,  such  data  seems  insignificant.  Heavy  rainfall 
throughout  the  daylight  hours  deposited  over  16  inches  of  water. 


Monsoon  Soafon.  Lai  defines  the  monsoon  season  as  the  four  month  period 
from  June  through  September  and  h:s  data  indicates  that  75  percent  of  the  year's 
rainfall  occurs  during  this  period.  The  graph  again  shows  a  very  pronounced 
maximum  between  noon  and  8;00  p.m.  These  eight  hours  recorded  53  percent  of 
the  total  precipitation  while  an  equal  period  from  midnight  to  8:00  a.m.  measured 
only  21  percent  The  wettest  single  hour  was  fr^m  2  to  3  p.m.  with  the  4  to  5  p.m. 
period  a  close  second.  The  driest  hours  were  from  midnight  to  2  a.m.  with  totals 
only  slightly  more  than  one-quarter  of  the  wettest  period. 

Post  Monsoon  Period.  This  season  includes  the  months  of  October  and 
November  and  shows  a  marked  decrease  in  rainfall  as  contrasted  with  the  mon¬ 
soon  season.  Eleven  percent  of  the  year's  rainfall  occurs  in  these  months  with 
October  having  70  percent  of  the  total.  Once  more  the  lion's  share  of  the  rainfall 
takes  place  during  the  early  afternoon  and  evening  hours.  Late  evening  and 
morning  hours  are  the  driest. 

Year.  Graph  13  is  an  attempt  to  portray  the  mean  daily  variation  of  rainfall 
at  Mingaladon  from  the  data  gathered  by  Lai.  if  the  nine  year  period  of  observa¬ 
tion  can  be  accepted  as  producing  acceptable  mean  figures  then  this  graph  repre¬ 
sents  the  expected  hourly  distribution  of  rainfall  for  a  "normal"  year.  A  longer 
period  of  observation  would  be  highly  desirable  and  would  probably  result  in 
smoothing  out  the  curve  although  the  salient  features  would  be  expected  to  remain 
much  the  same  as  they  are  shown. 
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Clearly  rainfall  is  not  evenly  distributed  throughout  the  day.  Between  1:00 
and  5:00  p.m.  rainfall  reaches  a  marked  peak.  The  totals  for  the  year  taper  off 
gradually  during  the  evening  hours  and  reach  a  well  defined  minimum  between 
midnight  and  2:00  a.m.  During  the  morning  hours,  right  up  until  11:00  a.m., 
annual  rainfall  totals  remain  almost  constant  hour  for  hour.  From  11:00  a.m.  to 
1:00  p.m.  totals  buiid  up  rapidly  toward  the  afternoon  peak. 

The  hot  season  afternoon  maximum  rainfall  appears  to  be  closely  related  to 
convectional  storms  but  the  monsoon  season  afternoon  maximum  cannot  be 
explained  as  easily.  Certainly  at  that  season  convection  plays  a  part  in  peaking  the 
rainfall  but  with  greater  cloud  cover  and  considerably  lower  surface  temperatures 
it  seems  reasonable  to  expect  convectional  rainfall  to  be  of  relatively  less  signifi¬ 
cance  in  the  monsoon  season  than  in  the  hot  season.  How  then  may  the  marked 
afternoon  precipitation  be  explained? 

During  the  monsoon  season  the  flow  of  air  over  AAingaladon  and  other  loca¬ 
tions  in  the  Irrawaddy  and  Sittang  Valleys  is  from  south  to  north  as  was  pointed 
out  in  a  previous  section.  During  these  same  months  there  is  a  marked  daytime 
increase  in  temperature  between  locations  in  the  Irrawaddy  Delta  and  the  Dry 
Belt  of  Central  Burma  i- .  This  temperature  difference  results  in  a  decreasing  pres¬ 
sure  gradient  from  south  to  north  which  is  strongest  during  the  early  afternoon 
hours  and  least  well  developed  during  the  early  morning.  The  diurnal  increase  and 
decrease  in  pressure  gradient  leads  to  marked  fluctuations  in  the  speed  of  air  flow 
over  areas  south  of  the  Dry  Belt.  Thus  at  AAingaladon  air  movement  reaches  its 
maximum  speed  at  about  3  or  4  o'clock  in  the  afternoon,  some  two  hours  after 
the  maximum  pressure  gradient  is  achieved.  The  increase  in  speed  of  movement 
of  the  warm  moist  air  ''owing  from  the  Bay  of  Bengal  and  the  Gulf  of  AAartaban 
apparently  favors  the  development  of  conditions  of  instability  within  the  air  mass 
itself  and  thus  encourages  precipitation. 

1.  See  Huke,  R.  B.,  op.  cit.,  pp.  15-18  and  Sir  Joho  ElioT,  Memoir*  of  tlt«  India  Meteorological  Dept., 
Vol.  XVIll,  Part  I,  p.  49 
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ANNUAL  VARIATION  OF  RAINFALL 

In  previous  paragraphs  it  has  been  pointed  cut  that  the  rainfall  varies  con¬ 
siderably  in  volume  from  place  to  place  within  Burma  and  that  at  any  given  Icca- 
tion  precipitation  varies  from  hour  to  hour  throughout  the  day.  Reference  to  table 
6  will  indicate  that  at  any  given  station  rainfall  totals  for  the  year  also  vary 
markedly  from  one  year  to  the  next.  The  seven  stations  used  to  compile  tables 
6,  7  and  8  were  chosen  to  represent  conditions  in  widely  diverse  sections  of  the 
country,  ranging  from  the  Tenasserim  and  Arakan  Coastal  Regions  to  the  Irra¬ 
waddy  Delta,  the  Shan  Upland  and  the  Dry  Belt.  Within  each  of  the  regions,  sta¬ 
tions  were  chosen  on  the  basis  of  the  length  of  record  available  and  oh  this 
author's  evaluation  of  the  reliability  of  the  data. 

It  will  be  noticed  that  the  average  rainfall  for  the  21  years  shown  on  the 
table  varies  considerably  from  the  "normal"  figures  given  in  the  final  column. 
In  gross  volume  the  difference  is  greatest  at  Akyab  where  the  long  term  "normal" 
is  recorded  as  203.37"  but  where  the  21 -year  average  was  only  190.76".  At 
Pakokku,  on  the  other  hand,  the  21 -year  average  v/as  greater  (as  opposed  to  less) 
than  the  "normal",  the  respective  figures  being  25.84"  and  23.91".  Interestingly 
enough,  in  each  case  the  difference  between  the  21 -year  average  and  the  "normal" 
is  approximately  7  percent.  Of  the  seven  stations  shown  in  the  table,  three 
recorded  21 -year  averages  lower  than  the  "normal"  while  four  were  higher  than 
"normal".  The  total  of  all  seven  21  year  averages  was  3.43  percent  lower  than  the 
total  of  the  seven  "normal"  figures. 

Table  7  uses  the  same  stations  and  the  same  data  as  does  table  6  but  fo-  each 
station-year  the  percentage  of  variation  from  the  21 -year  average  has  been  sub¬ 
stituted  for  the  actual  rainfall  figure.  The  station  showing  the  lowest  mean  annual 
variability  is  Mergui  while  the  variability  is  greatest  at  Pakokku.  All  other  things 
being  equal,  ‘heory  dictates  that  stations  v/ith  the  greatest  total  volume  of  rainfall 
have  the  least  annual  percentage  variation  and  that  the  driest  stations  have  the 
greatest  variation.  Theory  and  fact  coincide  well  for  the  seven  stations  studied 
except  in  the  case  of  Mergui  and  Akyab.  Akyab,  with  a  21-year  average  rainfall 
measuring  forty  inches  greater  than  that  at  Mergui,  shows  a  significantly  higher 
variability. 

Mergui  is  located  in  the  far  south  of  Burma  in  an  area  falling  under  the 
influence  of  the  inter-tropical  front  during  a  major  portion  of  the  rainy  season. 
Akyab,  by  contrast,  is  at  the  northwestern  end  of  the  Arakan  Coast  where  the 
inter-tropical  front  plays  a  relatively  minor  part  in  producing  rainfall  but  where 
the  effect  of  the  summer  monsoon  is  strongest.  Perhaps  the  difference  in  variability 
indicates  that  the  monsoon  winds  are  less  reliable  producers  of  rainfall  than  is  the 
inter-tropical  front.  This  question  deserves  further  v/ork  in  subsequent  studies. 

Variability  from  the  21 -year  average  was  not  markedly  consistent  year  by 
year  thr'  ughout  the  country.  For  example,  during  this  period  the  two  wettest 
stations,  Mergui  and  Akyab,  both  showed  variation  in  the  same  direction  (either 
positive  or  negative)  only  10  times,  just  as  the  law  of  chance  would  indicate.  In 
or\iy  one  year,  1939,  did  all  seven  stations  show  variation  in  the  same  direction 
from  the  long  term  average.  In  six  additional  years  six  of  the  seven  stations  varied 
from  the  average  in  'the  same  direction  but  the  seventh  station  shifted  in  the 
opposite  direction.  Furthermore  the  station  out  of  phase  with  the  rest  of  the 
country  was  not  always  the  same  nor,  indeed,  even  in  the  same  region.  The  misfit 
shifted  from  Prome  to  Pakokku  to  Mergui  to  Mandalay. 

The  mean  variability  from  fhe  21 -year  average  for  the  147  station-years 
presented  is  12.71.  For  individual  station-years  the  variability  ranged  from  0.0  to 
-}-  66.2  and  — 36.0. 

The  question  of  consistency  from  station  to  station  and  between  the  wet  areas 
and  the  Dry  Belt  in  the  variability  of  rainfall  from  year  to  year  was  investigated  by 
means  of  reference  to  the  interannual  variability.  The  interannual  variability  por¬ 
trays  the  sign  and  the  magnitude  of  the  difference  of  precipitation  in  successive 
years.  It  was  thought  that  this  element  might  be  more  sensitive  to  broad  patterns 
of  yearly  rainfall  variations  than  were  the  data  for  variability  from  the  long  term 
average.  The  same  seven  stations  and  the  same  21 -year  period  were  used  to 
compile  the  results  presented  in  table  8. 

Several  interesting  and  meaningful  observations  can  be  made  from  this  table. 
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Table  6. 

Rainfall  by  Years  —  7  Key  Stations 


Tab!e  3 


Inter-annual  Variability  of  Pred^atcsn 
7  Key  Statioos* 


Stqptscs  d  Ycien 

A37SRa4oa» 

fAsiSa 

aftSr.- 

Ta  d  VasiioSsf 

%  oe  Vanit&ora 

tnsneeMd 

Uterwmtd 
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—  9.9 

4 

3 

— 

2 

1929-1930 

—  3.3 
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•a 

4 

1 

1 

1930-193? 

—  7.1 
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2 

r 

— 

2 

1931-1932 

—00.3 

-r35.7 

5 

2 

2 

— 

1932-1933 
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—00.3 

4 

o 

1 

T 

1933-1934 

—  9.2 

—  53 

3 

4 

1 

1 

1933-1939 

-r  2.7 

-f  5.8 

3 

4 

1 

1939-1940 

—  1.7 

-r  5  .7 

3 

4 

1 

*1 

f 

N.A. 

1950-1951 

—  5.5 

-fl7.5 

4 

3 

2 

— 

1951-1952 

-i-13.6 

—  5.7 

5 

2 

— 

2 

1952-1953 

—12.2 

—11.0 

1 

6 

1 

1 

1953-1954 

—  3.5 

—  3.2 

2 

5 

— 

2 

1954-1955 
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5 

2 

2 

— 

1955-1956 

-r  2.4 

-h40.2 

4 

3 

2 

— 

1956-1957 

—22.3 

—30.0 

1 

6 

1 

1 

; 957-1 958 

-f  3.8 

—0G3 

4 

3 

1 

1 

1958-1959 

-f22.7 

-f  9.4 

6 

1 

1 

1 

1959-1960 

—  9.9 

—  7-4 

2 

5 

1 

1 

'liicae  anr  4ie  msm 

t  7  mdiors  for  mhoda  diais  i»M  pnMeefttd  in  the  pmnou*  Mble. 

In  only  10  of  me-  18  sequences  of  years  is  the  sign  of  the  variability  in  the 
Dry  Beh  the  sa-ne  as  that  for  all  of  Burma.  Interestingly,  in  the  two  sequences 
when  vsnabality  was  greatest,  1956-1957  and  1958-1959,  the  sign  was  the  same 
in  the  Or/  Belt  as  in  all  of  ^rma.  The  possible  significance  of  this  relationship 
is  severely  questioned,  however,  by  the  fact  that  in  1951-1952,  the  sequence 
Third  greatest  variability,  the  data  for  all  seven  stations  shows  a  posiHve  swing  of 
1 3.6  percent  while  the  Dry  Belt  stations  shew  a  negative  dip  of  5.7  percent. 

in  column  two  it  will  be  noticed  that  sequences  shewing  large  surpluses  or 
large  deficits  are  often  followed  by  sequences  showing  the  opposite  sign.  It  can 
perhaps  be  stated  that  there  is  a  tendency  for  major  departures  from  rxx’mal 
precipitation  to  be  compensated  for  in  the  subsequent  years.  No  great  emphasis 
should  be  placed  on  this  observation,  however,  for  it  has  already  been  taken  into 
account  in  determining  the  long  term  average. 

The  two  final  columns  of  table  8  deal  only  with  the  Dry  Belt  stations  Mandalay 
and  Pakdeku  and  show  the  number  of  stations  recording  increased  precipitation 
arrd  the  number  recording  decreased  predfwtation  for  the  two-year  sequence.  In 
only  8  of  the  1 8  years  do  the  ^wo  stations  show  changes  with  the  same  sign.  This 
is  approximately  the  same  proportion  that  would  have  identical  sigrrs  by  charKe 
according  to  probabilih/  theory.  In  the  1956-1957  sequence  the  seven  stations 
showed  a  total  decrease  of  22  percent  and  the  variation  of  the  Dry  Belt  stations 
was  minus  30  percent;  of  all  seven  stations,  six  showed  declines,  but  Mandalay, 
a  Dry  Beit  station,  bucked  the  trend  and  rearrded  a  modest  increase.  There 
appears  to  be  little  direct  relationship  between  annual .  ainfal!  variations  of  the  wet 
coastal  areas  and  those  of  the  Dry  Belt.  This  is  undoubtedly  due  to  the  fact  that 
predpitation  in  these  rwo  areas  is  the  result  of  dive.rse  causative  factors  as  out¬ 
lined  previously. 

Interannual  variability  of  rainfall  in  Burma  is  markedly  lower  than  that  found 
by  landsberg  i-  in  Ohau.  This  fact  may  indicate  that  rainfall  derived  chiefly  from 
trade  wind  sources  is  less  reliable  than  that  from  the  Southeast  Asian  monsoon. 
Further  studies  on  this  topic  are  needed. 

I.  Undt.7erg,  H.  "Statutiul  Invettigstions  info  the  Ctimafology  of  Riinfall  on  Ohau  (t.H.)",  MeteofO- 
tsgicat  MonograpSa,  Vcf  ),  .no.  3,  June  1951.  pp  7-23. 
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THE  DRY  BOr 


En  the  discussBoet  of  almost  any  asoect  of  the  ocontry  the  area  of  &ntral 
Burma,  Sinown  in  the  literature  as  the  Dry  Beh,  assumes  a  spedal  sBgmfkance. 
This  area  has  served  as  the  hearth  of  Burmese  oulture  and  it  was  in  this  area  that 
Burmese  civilization  achieved  its  grearest  heights.  The  £>ry  Belt  b  distinctive  for 
its  low  rainfall  combined  with  high  ten^seratures  and  for  the  fact  that  its  apicul¬ 
ture,  its  natural  vegetaiicn,  its  soil  types  and  even  its  pattern  of  sentSement  con- 
^ast  sharply  with  conditions  found  in  other  parts  of  Burma.  The  cere  area  of  the 
Dr/  Belt  is  easih/  identihed  and  almost  all  authors  agree  that  it  centers  on  the 
towns  vf  PakeSdeu  artd  Myingyan  and  that  it  also  indudes  the  ancienf  capital  at 
Pagan.  The  outer  limit  of  the  Dry  Belt  is  more  difficuit  to  Sccaic,  in  part  because 
being  a  climate  boundary,  it  varies  from  year  to  year. 

in  a  study  of  rainfall  in  Burma  one  set  cf  questions  which  might  w<el!  be  aslced 
deals  with  this  Dry  Belt.  Where  is  the  Dry  Belt?  How  much  variation  is  there  in  iis 
size  arid  shape  fr^  year  to  year?  Is  th^e  a  true  "core  area"?  If  so  whare  is  it? 

In  an  attempt  to  answer  these  questions  a  series  of  maps  has  been  made 
using  the  Keippen  artd  the  Thomthwaite  systems  of  dassHication.  Dal^  for  all 
available  stations  from  the  laritude  of  Toungoo  artd  Prome  in  the  south  to  iCatha 
and  MawlaiSc  in  the  rtorth  and  lying  between  the  Shan  Upland  in  the  east  aixi  the 
foot  cf  the  Araksn  Yoma  to  the  west  were  used.  The  area  involved  measures  some 
360  miles  from  north  to  south  and  has  an  average  width  of  roughly  120  nules. 
Within  tKb  area  are  located  S3  raingauges  vvith  records  adequate  for  use. 

t.  Osta  fras  (iiM«  gaagn  a  ewpontd  io:  tanaa  iVtaoaorofosi'ai  OtfS^  StMMM*  iW  MmMf 

amd  ilaaaal  IiiafiB  at  KaiaflacafaCae  SMiaaa  ia  SanM  far  Aa  Taar,  Seper.  Co*.  PrCnagg  aad 
Seatowtry.  Xaagoon.  ^anni. 


The  eastern  edge  of  the  Dry  Belt  is  marked  by  a  steep  fault  scarp  which  often 
rises  as  much  as  2,000  feet  in  a  single  step.  This  view  is  taken  from  the  top  of 
Mandalay  Hill. 
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MAP  31 
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MAP  32 
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MAP  35 
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al!  stations  were  ab!e  to  report  data  for  each  nionth  during  the  eleven  year  study 
period,  1950-1960,  because  of  insurgent  activity  and  the  lack  of  sufficient  numbers 
of  trained  observers.  The  data  available  however  was  sufficient  to  allow  the  maps 
to  be  prepared  with  some  connderKe. 

for  the  Koppen  classification  there  was  no  question  about  which  line  to  use 
as  the  limit  of  the  Dry  Belt  since  by  definition  the  B  climates  are  termed  dry  and 
are  the  climates  in  which  the  potential  evaporation  during  an  average  year  exceeds 
the  precipitation.  On  ail  KBppen  maps  of  the  Dry  Belt  the  line  shown  is  the 
bour^ary  between  the  B  climates,  inside  of  the  line,  and  the  humid  climates, 
outside  of  the  line.  In  almost  all  cases  the  Dry  Belt  "B"  climates  are  bordered  on 
both  the  north  and  the  south  by  "A"  climates.  Hov/ever,  in  years  when  the  B 
climates  extended  further  to  the  north  than  normai,  they  v/ere  Ordered,  in  Katha 
and  Upper  Chindwin  Districts,  by  C  clima'es. 

Wth  the  Thornthwaite  classification  the  choice  of  which  line  to  use  was  more 
difficult.  In  Thornthwaite's  1948  classification  nine  climate  types  based  on  the 
moisture  index  are  presented  .  The  two  lines  of  concern  are  the  dividing  lines 
between  C,,  moist  subhumid  (moisture  index  of  0  to  20)  and  C,  dry  subhumid 
(moisture  index  -20  to  0);  or  between  C,  and  D,  semiarid  (moisture  index  -40  to 
-20).  A^p  31  was  prepar^  plotting  both  lines  using  the  data  from  all  83  stations. 
By  checking  this  map  against  the  descriptions  in  the  literature  and  by  asking  the 
opinion  of  various  Burmese  scholars  it  was  decided  to  use  the  Q/D  boundary  in 
subsequent  mapping  as  this  rrK>re  closely  approximated  the  traditional  Dry  Beit 
than  did  the  area  enclosed  by  the  C^/C*  boundary. 

The  C^/Ci  Thornthwaite  boundary  by  definition  separates  those  areas  with  a 
positive  moisture  index  and  thus  a  water  surplus  from  those  areas  with  a  negative 
moisture  index  and  a  water  deficit.  In  theory  this  should  be  the  sa.me  as  the 
Koppen  B/H  boundary  if  the  systems  were  equally  precise  in  their  measurements. 
In  fact,  using  the  identical  data  from  Burma's  Dry  Belt,  the  Thornthwaite  Cj/Q 
boundary  lies  well  outside  of  the  Koppen  B/H  boundary,  as  may  be  seen  by  conn¬ 
paring  maps  31  and  32.  In  the  south  the  Koppen  boundary  lies  to  the  north  of 
Thayefmyo,  in  the  Irrawaddy  Valley,  and  Yamethin,  in  the  Sittang  Valley,  while 
the  Thornthwaite  boundary  lies  south  of  these  towns.  To  the  north,  the  Koppen 
boundary  lies  south  of  Shwebo  and  extends  up  the  Chindwin  Valley  to  a  point  less 
than  20  miles  north  of  AAonywa.  The  Thornthwaite  boundary  is  located  20  miles 
to  the  north  of  Shwebo  and  extends  up  the  Chindwin  to  a  point  45  miles  beyond 
AAonywa.  The  total  area  included  v/ithin  the  Thornthwaite  Co/Cj  boundary/  is 
approximately  60  percent  larger  than  the  area  enclosed  by  ihe  Koppen  B/H 
bounda.’y  and  includes  considerable  area  recognized  by  Burmese  specialists  as 
lying  outside  of  the  Dry  Belt. 

The  Dry  Belt  is  usually  described  as  an  area  where  rice  is  not  raised  v/ithout 
irrigation  and  where  agriculture  is  characterized  by  a  great  diversity  of  crops 
including  an  important  emphasis  on  pulses,  sesamum  and  groundnuts.  In  light 
of  this  distinction  the  following  table  is  of  considerable  interest. 

I.  Thomthwaile,  C.  W..  "An  Appnx^  Toward  a  Rational  Classification  of  Climate",  Geographical  Review, 
Jan.  1948,  pp.  55-94. 


Table  9 


Dry  Belt  Crop  Areas* 


Irrigated  area 

Thayetmyo  Disf. 

5,500  acres 

Minbu  Dist. 

1 32,000  acres 

(Major  c.'ops) 

Rice 

78,000 

125,000 

Pulses 

16,000 

45,000 

Sesamurn 

66,000 

61,000 

Groundnuts 

13,000 

10,000 

'Data  compiled  from:  Season  and  Crop  Report  for  the  Union  of  fturma  for  the  Year  Er4Ing  30th  Jun'), 
1958,  Superintendent  Government  Printing  and  Stationery,  Rangoon  1960.  (in  Burmese) 
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Clearly  a  major  portion  of  the  rice  in  Thayetmyo  District  is  not  irrigated  while 
that  of  Minbu  is.  Thus  Thayetmyo  is  outside  of  the  Dry  Beit  despite  the  importarvce 
of  sesamum,  puises  and  groundnuts  in  the  province.  These  latter  crops  indicate 
conditions  approaching  those  of  the  Dry  Belt  and  indicate  a  location  close  to  the 
border.  Thayetmyo  District  v/cu!d  be  included  in  the  Dry  Belt  using  the  Thorn- 
•hwaite  Cj/Cj  border  and  excluded  from  the  Dr/  Belt  using  the  Thornthwaite 
Ci/D  divide. 

Map  31  also  shows  the  Thornthwaite  Cj/D  bourtdary.  This  includes  an  area 
smaller  than  the  recognized  Dry  Beit.  The  contraction  is  particularly  noticeable  in 
Kyaukse,  Shwebo  and  Minbu  Districts  where  irrigated  rice  is  very  important. 
Neither  of  the  Thornthv/aite  lines  appears  adequate  to  define  the  Dry  Belt  precisely. 

For  purposes  of  observing  ciffererKes  in  size  and  location  of  the  water  defidt 
area  from  year  to  year  it  was  decided  to  use  the  Ci/D  boundary  rather  than  the 
C^/Ci  divide.  The  choice  of  the  Cj/D  bour>dary  was  also  made  in  an  attempt  to 
delinate  the  core  area  of  t.he  Dr/  Belt. 

The  next  step  was  to  prepare  maps  showing  the  Thornthwaite  and  the  Koppen 
divides  as  based  on  '‘normal"  rainfall  and  temperature  data  and  at  the  m^ian 
position  for  the  eleven  year  study  period.  "Norma!"  data  is  that  supplied  by 
Burma's  Dept,  of  Meteorology  and  is  based  on  records  varying  from  a  minimum 
of  10  years  to  a  maximum  of  74  years  for  individual  stations.  The  average  length 
of  record  is  43  years. 

The  median  location  of  the  climate  divides  was  arrived  at  by  plotting  the 
divide  for  each  of  the  eleven  years  under  study,  superimposing  the  eleven  maps 
and  drawing  a  new  line  based  on  the  median  position  of  the  eleven  yearly  lines. 
Map  32  shows  the  normal  and  .median  lines  according  to  Koppen  and  map  33 
does  the  same  for  the  Thornthwaite  system. 

The  normal  and  1950-1960  median  lines  according  to  the  Koppen  system 
include  approximately  the  same  total  area  and  show  only  minor  variations  in 
location  as  may  be  seen  on  map  32.  The  Thornthwaite  system  on  the  other  hand 
shows  major  differences  between  the  normal  and  the  median,  with  the  median 
location  including  65  percent  greater  area  than  the  normal.  The  extension  is 
particularly  noticeable  near  Kyaukse.  This  was  af^arently  caused  by  the  fact  that 
while  yearly  total  rainfall  was  below  normal  during  the  1950-1960  period  this 
deficiency  was  most  marked  in  the  month  of  October  which,  according  to  "normal" 
data,  is  the  wettest  month  of  the  year.  Table  9  shows  that  of  the  ten  years  for 
which  data  is  available  Ngapyaung  Wier,  six  miles  east  of  the  town  of  Kyaukse, 
showed  above  average  rainfall  only  twice  and  significantly  below  average  rainfall 
seven  times  during  October. 

The  next  step  was  to  use  the  two  systems  of  classification  to  identify  the  core 
area  and  the  absolute  outer  limits  of  the  Dry  Belt.  The  core  area  was  taken  to  be 
that  area  which  during  the  eleven  study  years  fell  continually  within  the  dry 
region  and  never  enjoyed  a  single  wet  year.  The  absolute  outer  limit  of  the  Dry 
Beit  includes  ail  areas  which  were  inside  the  boundary  at  least  once  during  the 
study  period. 

Again  interesting  contrasts  were  observed.  The  maximum  extent  of  the  dry 
zone  was  strikingly  similar.  Koppen's  boundary  extended  somewhat  further  south 
in  both  the  Irrawaddy  and  the  Sittang  Valleys,  in  the  Irrawaddy  the  maximum 
limit  approached  within  15  miles  of  Prome,  some  40  miles  south  of  the  Thorn¬ 
thwaite  limit,  while  in  the  Sittang  Valley  the  maximum  limit  fell  20  miles  north 
of  Pyinmana,  10  miles  south  of  the  Thornthwaite  boundary.  In  other  areas  the 
maximum  extent  of  the  two  was  so  close  that  measurements  of  the  difference; 
were  not  considered  as  significant 

In  terms  of  gross  area  covered  the  outer  limit  of  the  Koppen  B/H  boundary 
enclosed  19,250  square  miles  while  Thcrnthwaite's  Q/D  boundary  covered  17,250 
square  miles  or  2,000  less  than  the  former  system. 

The  core  areas  of  the  2  systems  showed  marked  contrasts,  with  the  Koppen 
core  area  being  of  considerable  extent  and  covering  what,  according  to  the 
literature,  is  the  traditional  center  of  the  Dry  Belt,  Koppen's  core  area  covers  2,430 
square  miles  or  13  percent  of  the  maximum  dry  area  for  the  11  year  period. 

Thcrnthwaite's  core  area  is  far  smaller  than  Koppen's  and  excludes  such 
traditional  Dry  Belt  centers  as  Pagan,  Pakokku  and  Myingyan.  This  core  area 
covers  only  257  square  miles  or  only  1.5  percent  of  the  maximum  extent  of  dry 
areas. 
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10. 


Ngapyaung  Weer  (E.  cf  KyauScse} 
SlainfaU  in  incites 


Se??. 

Ow 

3  fitORtllS 

Total 

Yearly 

Total 

'T'fcjffmar 

5.03 

634 

1.89 

13.46 

32-61 

1950 

10.03 

11.09 

3.81 

24.93 

4034 

1951 

4.02 

937 

0.00 

1339 

24.P'> 

1952 

2.43 

6.78 

2.35 

1136 

20.37 

1953 

1.56 

4.91 

1.48 

3.05 

2931 

1954 

4,79 

4.96 

0.GG 

9.75 

1955 

5.31 

130 

4.60 

11.91 

2937 

1956 

6.63 

5.03 

0.61 

12.27 

26-23 

1957 

5.11 

1.99 

0.00 

7.10 

19.47 

1958 

n.a. 

n.a. 

n.a. 

n.3. 

n.a. 

1959 

477 

3.31 

0.00 

8.03 

29-21 

1960 

5.60 

5.89 

0.00 

11.49 

21.17 

Total 

50.90 

55.00 

12.35 

118.78 

241.24 

Average  for 

10  Years 

5.09 

5.50 

1.29 

11.88 

26.80 

Change  from 

Normal 

-f.06 

—1.04 

—.60 

—1.58 

—5.81 

Percent  Change 

from  Normal 

-fl 

—16 

—31 

—12 

—18 

Koppen's  core  area  is  adz  like  in  shape  as  may  be  seen  on  map  34.  U  extends 
south  of  Mandalay  some  50  miles  and  covers  both  sides  of  the  Irrawaddy  Valley 
fr<xn  Sagaing,  just  south  of  Mandalay,  past  the  junctions  of  both  the  AAu  and  the 
Chindwin  Rivers  to  a  point  a  few  miles  sooth  of  Pagan.  The  Thornthwaite  core 
area,  by  contrast,  is  limited  to  a  smell  triangular  area  at  the  junction  of  the  AAu  with 
the  Irrawaddy,  as  is  illustrated  by  map  35. 

A  series  of  eleven  climate  year  maps  was  constructed  showing  the  area 
included  in  the  Dry  Belt  by  each  system  for  each  of  the  years.  Four  of  these  maps 
representative  of  different  conditions  are  reproduced  as  maps  36,  37,  38,  and  39. 
These  four  maps  illustrate  rather  v^ell  the  variations  both  in  size  and  in  location  of 
the  Dry  Belt  from  year  to  year.  Perhaps  more  than  anything  else  they  demonstrate 
that  the  "normal"  and  m^ian  boundaries  shown  on  maps  32  and  33  have  little 
relationship  to  actual  conditions  in  any  given  year.  These  four  maps  in  turn 
emphasize  the  importance  of  the  maps  of  the  core  area  and  outer  limits  discussed 
previously. 

In  1951  the  Dry  Belt  was  considerably  smaller  than  normal  and  was  located 
much  further  to  the  north.  The  north,  east  and  west  boundaries  of  KSppen  and 
Thornthwaite  match  surprisingly  v/ell  and  differences  are  to  be  noted  in  the  Irra¬ 
waddy  and  Sittang  Valleys  where  the  Thornthwaite  boundary  extends  less  further 
south  than  does  the  Kbppen  boundary.  Of  particular  note  is  the  fact  that  in  1951 
Pagan  and  Pakokku,  at  the  traditional  core  of  the  Dry  Belt,  both  lie  outside  of 
Thornthwaite's  dry  boundary.  Note  also  the  fact  that  Thornthwaite  isolates  five 
stations  along  the  Mandalay-Kyaukse  axis  to  form  an  island  of  humid  climate  sur¬ 
rounded  by  serni-arid  conditions.  This  pattern  is  not  revealed  by  Koppen. 

In  1957  the  Koppen  boundary  enclosed  almost  its  normal  total  area  and 
approximated  its  usual  shape.  It  was,  however,  located  south  of  its  normal  posi¬ 
tion  and  included  Thayetmyo  in  the  Irrawaddy  Valley  and  Yamethin  in  the 
Sittang  Valley. 

This  same  year  Thornthwaite's  semi-arid  area  was  about  400  percent  of  its 
normal  size  and  extended  far  to  the  north  and  south  of  its  normal  location. 
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As  was  the  case  in  1951.  KSppen  Enuts  extsaded  socf^h  cf  Thscn^waise's  in 
the  Inrawadiy  and  Sinang  VaiSeys.  Kcppen  alSsn  induced  ccnsodecabSe  secdons  cf 
the  Eowec  ChftKfwin  VaSSe^  sdsc  included  widdn  Thocnttrwais&'s  senti-add  bowvisiiy. 
A  pvHaJtasiY  en^resting  testjxe  as  diEs  etap  b  the  extern^  cf  the  Thontfhwahe 
bcxjsidary  csirasodeffaSdy  beyaad  the  ICcppen  boundary  in  the  Shwebo  E}isSnd 
Esetwsen  the  Irrawadd/  and  the  AVi  Rivers.  TSes  extensasn  (d  the  ThomthwaiSc 
boundary  b^end  the  Koppen  bocmdary  is  apperentSy  due  to  the  fact  of  a  very 
dry  earfy  and  niEd:^  rainy  season  tbUl^ed  by  aSmcs:  nine  inches  off  rainfall  in 
Oadbst.  This  was  enough  predpctation  to  classify  Shwebo  and  sunrourxiing  areas 
as  Aw  according  to  1^  Kopperi  system  and  thus  exclude  the  regpsn  from  the  Dry 
Beh  for  the  year  1957.  In  thes  exampte  the  very  heavy  late  season  rains  did  not 
cser.pensa%  for  the  Sce^  dry  and  fkoi  ndd  season  according  to  the  Thomthwaife 
formula,  and  Shwebo  was  induded  vnthin  the  Dry  Beh.  Thus  the  more  complex 
Thomdtwaite  system  is  shown  to  be  more  sendtive  to  seasonal  dtaractesisSks  and 
less  strongly  influenced  by  short  term  patterns  tf»n  is  the  Kcppen  system. 

Maps  33  and  39  for  1953  and  1954  show  rather  dose  correspondence 
between  the  two  systems  with  the  HK^nthwahe  boundary  enclosing  a  somewhat 
smaller  area  than  the  Kqppen,  as  is  to  be  ejq^ected.  In  1954  an  islartd  of  hunud 
dimate  shaws  up  in  the  central  portion  the  Chindwin  Valley  on  both  systems. 
This  resulted  from  very  heavy  August.  Septesrher  and  Octob^  rainfall  recorded 
at  several  stations  in  the  Lcv/er  Chindwin  District,  in  this  case  the  three  month 
period  of  above  average  peedpitaticn  more  than  compensated  for  below  average 
early  summer  rainfall. 
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THE  WATER  BAIANCE 


PridpiSiiion  and  tesitpefaJore  are  perhips  ine  tncss  impoeran:  ot  ihs  tltsRsie 
eEeinenrs  in  serms  c:  man's  use  ci  an  area.  Locasscn  a*  a  rypiwicn^csie  site  cr  in  a 
sescsosn  su^^jacs  to  frequenr  romad^es  has  mducsd  man  so  mcdify  sssnsrwhss  hss  use 
ct  certain  areas,  bwt  such  is  not  the  case  in  Burma.  Wind  as  a  climate  eiement  fay 
itself  has  EnSe  impscr  cn  life  in  Burma.  Aimospftersc  cressure,  the  fourth  wteathar 
dement,  also  appears  to  E>e  of  Enas  conseq-uence  so  the  peccSe  of  Burma  except  in 
that  pressure  differences  cause  the  deveScpmsn:  of  air  tSows  v/harh  in  turn  may 
faring  predpstaticri. 

FredpftatBcn  and  lemperattrre  alsne,  hoviever,  do  no:  add  up  to  equal  the 
real  climate  of  any  part  of  the  wcrfid.  Perhaps  in  Burma,  a  country  cf  the  “wet 
monsosn  trcp^",  fai^e  data  on  rainfall  and  temperature  is  e^en  less  useful  than 
it  v/ou!d  be  for  midlatisude  ccuntriesu  In  Burma,  v,*ith  its  prctnounced  rainfall 
rhythm,  periods  cf  massive  v/ater  suqjiuses  abemaie  with  periods  cf  $ericu<  and 
proibnped  drought. 

For  a  more  accurate  picture  of  the  vciuttre  of  surplus  above  need  and  cf  the 
seriousness  of  the  droc^ht  period,  a  series  of  six  water  balance  charts  have  been 
constructed.  • 

The  statiorts  for  a  study  of  the  water  balance  were  chosen  on  the  basis  of 
geographical  distribution  and  completeness  cf  available  data.  Akyab  represents 
the  wettest  and  the  most  pronounDsd  ot  the  monsccn  areas,  Rartgcon  is  typical  cf 
conditions  in  the  vast  Irrawaddy  Delta,  fAandalay  and  Minbu  are  representative  of 
Dry  Belt  conditions.  To<jngoo  is  midway  between  the  heart  of  the  i>elta  and  the 
core  of  the  Dry  Belt,  while  Taunggyi  demonstrates  conditions  on  the  important 
Shan  Upland. 

On  these  charts  the  norma!  predpitation,  the  potential  evapotranspiration  and 
the  actual  evapotranspiration  are  plotted  by  months  and  connected  by  lines.  In 
months  where  the  rainfall  is  greater  than  the  actual  evapotranspiration  the  rain 
that  falls  either  soaks  into  the  soil  and  is  held  as  soil  moisture  or  it  runs  off  as 
surface  or  undergrovnd  drainage.  In  the  case  of  Akyab  "normal"  data  shows  that 
the  first  6.89  inches  of  rain  to  fall  after  predpitation  exceeds  actual  evapotranspira- 
fion  (mid-.April)  is  absorbed  by  tte  soil  and  is  called  soil  moistors  recharge.  From 
that  time  cn  until  approximately  November  10  precipitation  exceeds  actual  evapto- 
transpiration  and  the  difference  betv/een  the  two  represents  water  surplus  or 
runoff.  During  this  season  Akyab  enjoys  a  surplus  of  151 .72  inches  of  rainfall. 

Once  rainfall  drops  belov/  potential  evepotranspiraiion,  moisture  is  drawn 
from  the  soil.  Under  these  conditions  actual  evapclranspiraticn  is  always  less  than 
potential  evapotranspiration  because  ntoisture  is  releas^  from  the  soil  gradually 
and  moves  either  through  the  plants  to  be  transpired  or  by  capillary  action  toward 
the  soil  surface  to  be  evaporated  only  slowly.  During  s'  *i  periods  moisture  which 
had  been  stored  in  the  soil  is  released  and  is  shown  on  the  charts  by  horizontal 
lines.  Immediately  follov/ing  a  period  of  v/ater  surplus  the  volume  of  soil  moisture 
is  high  and  actual  evapotranspiration  is  only  slightly  lower  than  potential  evapo¬ 
transpiration,  as  may  be  seen  by  the  December  conditions  at  Akyab.  The  difference 
betv/een  the  potential  evapotranspiration  end  the  actual  evapotranspiration  repre¬ 
sents  the  v/ater  deficit  for  the  month  and  is  shov/n  v/ilh  the  heavy  dot  pattern. 

As  the  dry  season  extends  over  longe'  and  longer  periods  the  volume  of 
moisture  stored  in  the  soil  and  thus  available  for  evaptotranspiration  becomes  less; 
actual  evapotranspiration  falls  further  and  further  belov/  potential  evapotranspira¬ 
tion  and  the  water  deficit  becomes  larger.  This  is  illustrated  for  the  months  of 
February,  March  and  April  at  Akyab.  Here  the  total  soil  moisture  utilization  for 
the  norma!  year  is  6.89  inches  (identical  to  the  soil  moisture  recharge  at  the 
beginning  of  the  wet  season)  and  the  dry  season  water  deficit  equals  8.89  inches. 

Mandalay  provides  a  very  interesting  example  of  conditions  in  the  Dry  Belt 
where  a  water  deficit  exists  throughout  fhe  year.  At  no  month  in  a  norma!  year 
does  precipitation  equal  the  potential  evapotranspiration.  Here  the  plants  are  not 
able  to  make  use  of  any  significant  volume  of  moisture  stored  in  the  soil  from 


I  for  3  detailed  ducuivon  of  the  merhod  u»ed  »ee-  Ihomthwaile,  C.  W.  and  J  R.  fAather,  "The  Wafer 
Balance",  Cublicationt  in  Climatology,  Orcxel  Initiiute  of  Technology,  laboratory  of  Climatology,  Vol 
VII,  no  1,  1955  See  alio  by  the  lamc  aofhori  m  the  lame  teriej:  "Injfrucfions  and  Tables  for 
Computing  Potential  Evapotranipiration  and  the  Water  Balance',  Vol.  X.  no.  3,  1957 
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3  wencr  period  and  mvs:  ;er/  tocalty  vpca  the  predpitstton  that  actually  falls. 
Much  of  this  rnofsture  is  absorbed  by  the  upper  layers  of  the  soil  and  is  evaporated 
rapidly  from  Ae  surface  or  transfxred  by  the  pianK,  Precipitation  malces  no 
segnHkant  contribution  to  soil  moisture  storage  in  any  month  di^irtg  a  normal  year 
and  a  moishrre  dsfksency  is  d;e  rule.  Actual  water  detldt  totals  30.73  inches 
annually  with  April,  tAardi  and  July,  ir:  that  order,  being  the  months  of  most 
serious  drought. 

dearly  the  capacity  of  the  sci!  k>  retain  msisture  is  a  funclkm  of  the  type  of 
soil  involv^  and  the  character  of  the  vegetation.  A  fine  sitviy  soil  is  no*  able  to 
hold  as  much  moisture  as  is  a  heavy  day  saiL 

3y  the  same  tolcen  it  is  also  d^r  that  crops  such  as  spinach,  beans,  beets  and 
letnrce,  bdng  very  shallow  rooted,  are  able  to  utilize  mmsture  horn  only  a  thin 
layer  of  surhKSs  soil  while  a  dosed  mature  forest  has  a  root  system  extending 
many  feet  below  the  surface  arx!  is  able  to  utilize  soil  moisture  to  a  considerable 
depth.  For  purposes  of  the  water  balance  charts  presented  here,  soil  and  crop  type 
were  assumed  to  be  similar  at  ail  stations.  The  soil  is  of  a  day  Icem  variety  found 
throughout  Burma  and  the  crops  were  limited  to  moderately  deep-rooted  types 
such  as  rice,  millet,  cotton  and  tobacco. 

Root  penetratfee;  deperxis  not  only  on  the  crop  but  also  on  the  type  of  soil. 
Thornthwaite  and  Mather  indicate  that  for  the  soil  and  vegetation  types  postulated 
above  the  root  zone  extends  approximately  2.67  feet  below  the  surface.  This  was 
the  figure  utilized  in  the  construction  of  the  charts. 
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